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ABSTRACT 



Polluted Mterlal «uch u industrial w..t. w*t r or 
pollute «t*r tvom othw mutcm. «w«3» or «1««9« « 

otbw xor- of >Xudg», or pollute .oil, i. <togr.«.* to r«ov. 
th. oxidlMbl. nMtuw thw^ir. by •ubj.etlng th. poliut.d 
MtKtrt to « W t oxid.tion proc... lbi. proo.». vhich occur, 
in • rector. a~c*po... -odm~ 

th. polluted «t«i.l «a optlOMllj l^row. th. mobility 
of th. .olid, p~~r,t in th. -tTil. Option.!!,, th. pollute 
MtwM wy b. px.-t*^*4 to f .oilit.t. th. «t oxid.tion 
jnoM,. Th. ».t oxidation prooM. i« pwfox^d to th. utrnt 
th»t th. aXWMd «d/or woOlti* wMtm— x««lnln9 

wt o*ld»tion pxooM* «• .ubrt.nti.liy blod^r.fl.».. 
Optically. • wtetqiwHt wbrtwWrt r~ov«l of hwvy -t.1. «J 

b. pWftKMa. M MOMUITi th. Mt.Tl.1 **t «.P«*t^ into I 

.olid nd liquid phM.. th. -.t«tlrt or liquid ph«». •« b. 
aubjaotrt to » Moo^Br^.tion prooM.« 
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The present invent! n relates to a method for degrading or 
decomposing undesirable ixldizable materials contained in various 
waste materials such as industrial or domestic vast* -water, sewage or 
polluted soil. 

S In the modem industrialized world, increasing amounts of vastes have 
to be disposed of. Conventionally, vastes are disposed of either by 
depositing or dispersing then in suitable places in the environment, 
such as in dumps or land* fills or in the sea, or by decomposing or 
degrading then by chemical, microbiological or mechanical ma axis, or 
10 by simple combustion. 

Until quite recently, the disposal of certain types of vastes vas 
often carried out In a rather careless manner, often by merely 
depositing the vaste more or less directly in the soil, or by burning 
the vaste leading to emission of undesirable materials into the 
IS environment. Other forms of vaste materials, such as industrial or 
domestic vaste water, vera often led directly into rivers, streams, 
lakes, or the sea. The consequences of these lax methods of vaste 
disposal are now becoming Increasingly apparent. 

Among the most serious acute problems are the leaching of toxic or 
20 otherwise undesirable substances into the environment from soil in 
which they have been deposited, leading to pollution of ground water 
and/or other sources of drinking water. Great efforts are now being 
made to stop the leaching of toxic matter from vaste material 
deposited in soil, and in many cases it has been found necessary to 
25 dig up and isolate the polluted soil in order to remove the 
undesirable substances. 

Methods which have been used to treat such soil include extraction, 
thermal processes, chemical treatment, microbiological treatment, 
stabilisation and encapsulation: 

30 The extraction process employs water 
as acids or bases, may be added. The 

I 

I 



to which various' chemicals , such 
use of axtraetlon processes 
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permits only partial removal of hftavy t£*tals, cyanides , hydrocarbons 
and chlorinated hydrocarbons. 

Thermal processes for the treatment of polluted soil entail e.g. 
counter current treatment with steam, after which the contaminated 
5 steam must be condensed end created. Heating polluted soil to 500* 
600*C leads to evaporation of volatile pollutants, and the resulting 
gas- air mixture is then burned at ca. 1400*C or otherwise treated. In 
total combustion processes the combustion takes place at ca, 1200*C 
and the exhaust gases must then be treated. The use of all these 
10 procedures normally leads to satisfactory destruction of all organic 
aattex* However, this purification process is extremely energy* 
consuming and therefore very expensive to carry out. One disadvantage 
Is that most of the heavy metals are not removed. 

Chemical treatment entails the addition of chemicals which raact with 
15 the pollutants in question, vheraby these are destroyed or modified. 
A significant disadvantage of this method is that the soil is brought 
into contact with potentially dangerous substances which themselves 
have to be removed after treatment. Detailed knowledge of the 
concentration of pollutants is also required. 

20 Microbiological degradation of organic material is a process which is 
well-known in the field of waste -water purification, e.g. in 
municipal purification plants where microorganisms, in the form of 
blofilm or active sludge, degrade organic material in a cheap and 
•f£*otlv% manner. In microbiological soil treataant, microorganisms 

25 and nutrients are added to the soil and degradation takes place by 
aerating the soil by mechanical cultivation, or in a process 
resembling compost formation. One of the disadvantages of this 
process is the vide variation of blodegradablllty of different 
compounds* The introduction of soil containing toxic substances can 

30 lead to the death of ■Icroorganias or, at best, very low degradation 
grades. 

Stabilization and encapsulation processes are not purification 
processes as such and will not be discussed further. 
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The presence of undesirable substances in Industrial or domestic 
waste-water, sevsg and sludge Is also a problem, and a varl ty of 
different methods for treating these types of waste have been 
employ ed including subjecting the waste Co chemical or 
5 microbiological degradation. A method for the chemical degradation of 
undesirable substances in waste which, has been widely employed 
involves subjecting the waste to a vet oxidation treatment under 
conditions of high tenperature and pressure. By this treatment, 
combustible organic materials may be oxidized by flameless 
10 combustion. 

In US 3,714,911 "Alkaline Pulping Black Liquor" is treated under 
oxidising conditions. In GB 1.435,105 sludge from a purification 
plant Is treated under oxidising conditions in a reactor which is 
divided into chambers. In OB 1,411,047 liquid or solid inflammable 

15 material which cannot be mixed or dissolved in water is treated in 
one or more tank reactors under oxidizing conditions* US 4,229,296 
discloses a one* step or multi-step reactor with phase separation, and 
GB 1,421,475 discloses a process relating to the treatment of aqueous 
waste containing dissolved organic material under oxidising 

20 conditions. In US 4,0*9,737 cellulose- containing material is de- 

lignified in aqueous medium under oxidising conditions. GB 1,473,438 
describes a tank reactor for combustion under oxidising conditions, 
which reactor is divided into chambera . 

In most cases, the organic material to be oxidised Is dissolved or 
25 dispersed In a liquid which is then subjected to the oxidation 

treatment, or the organic material Is in itself In a liquid form. The 
oxidation is an exothermic reaction and energy may be recovered from 
the destruction of waste materials consisting of combustible 
materials. An example of energy recovery in connection with wet 
30 oxidation of sewage and other waste materials is given by F.J. 

Zlmmermann in GB 706,6*6 and GB 812 , 832, wherein the wet oxidation is 
carried out in a vertical tower reactor. 

Vet oxidation reactions known in the art are to a great extent 
performed in reactors which are arranged in vertically extending deep 
35 wells or In reaction chambers arranged at the bottom of such wells. 



V." 
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In these react i n systems, the high pressure needed for che reaction 
to proceed Is built up as the liquid descends in the veil. Example* 
of such deep well wet oxidation systems are given by Fassel et el. in 
US patent No, 3,852.192 and US patent No. 3,920,548, V.J. Bailer in 
5 US Patent No, 3,449,247, J.A. litaaa In US Patent No. 3,853,759, H.L. 
Lawless tn US Patent No. 3,606,999 and C.C. Rappe in US Patent No. 
4,671,351, which mainly use the system for wet oxidation and thus 
destruction of municipal and/or industrial sludge or sewage. Examples 
of deep* well oxidation systems in which aqueous dispersions of 
10 charcoal or tar sand containing minor amounts of combustible 

materials have been treated mainly with the purpose of obtaining 
energy from these materials which energy it is not otherwise 
economically feasible to exploit, are e*g. given by Boss et al. in US 
4.473.459. 

15 Another problem which has; been recognized in connection with the 
decomposition treatment of wet type wastes, such as sewage and 
sludge, is the difficulty associated with the filtration or other 
types of liquid/solid separation of these wastes. Thus, in ordinary 
sludge-treating plants, such as e.g. biological purification plants. 

20 the filtration step in the purification treatment is highly 

problematical; the material to be filtered quickly blocks the pores 
of the filter resulting in a very slow, if any, filtration. 

Many prior art wet oxidation methods focus on substantially total 
oxidation of organic wastes in order to obtain the highest possible 
25 degradation of these, preferably eventually resulting in water and 
low molecular weight organic compounds, such as carbon dioxide, and 
water. 



According to the invention, polluting oxidizable material which does 
not solely comprise harmless high molecular weight organic compounds, 
30 but elso highly toxic materials, may be decomposed to harmless 

material by being subjected to a wet oxidation treatment, optionally 
in combination with removal of heavy metals and/or a Mode gradation 
process. ^ 



I 
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Thus, the present invention relates to a method f r decomposing 
polluting oxldixable material from a polluted material such as 
industrial waste vater or polluted vater froa ther s urces, sewage 
or sewage sludge or other forms of sludge , or polluted soil, 
comprising subjecting the polluted material to a wet oxidation 
process In a reactor so as to decompose and/or modify oxldlzable 
substances therein and optionally improve the fllterabllity of solids 
when present in the material , the material optionally being 
pretreated so as to facilitate the wet oxidation process, the wet 
oxidation process being performed to such an extent, optionally with 
subsequent substantial removal of heavy metals, that the decomposed 
axvd/or modified substances remaining after the wet oxidation and the 
optional removal of heavy metals are substantially biodegradable, if 
necessary separating the material into a solid and a liquid phase, 
and optionally subjecting the material or the liquid phase to a 
blodegradation process. 

The term "polluted material" as used herein Is used as a common 
designation for materials containing organic or Inorganic substances, 
which axe present or formed in an environment as a consequence of the 
presence and/or activity of human beings, including industrial 
activity in Its widest sense, which, e.g., comprises domestic and 
Industrial activity, agriculture, forestry and fishing industry, and 
which it is desired to remove from the environment with the main 
purpose of maintaining and/or improving the environment. Typically, 
the polluted material is of a type which is formed constantly or 
seasonally and which conventionally is considered to be a waste 
material, e.g. industrial waste water such as waste water froa 
pharmaceutical and food industries, e.g. slaughterhouses or dairy 
Industries, municipal or industrial sludge, sewage or sewage sludge, 
but also material which has been subjected to a sudden pollution, 
e.g. sudden releases of toxic matter into the environment, examples 
of which are sea water which has been polluted with oil or chealcala 
released from ships or boats or from containers which have been 
deposited in the sea or sudden industrial leaks to the environment, 
la to be understood to be a polluted material. 

i 
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The term "oxidixable subsjtanc*s w as used In the present context 
refers to any substances Which nay be decomposed and/or modified by 
xidati n. In most cases J the oxidizable substances are of a type 
generally considered to be polluting, such as toxic or otherwise 
5 harmful substances, e.g. of the types discussed herein. Substances 
which In other relations axe considered to be harmless or even 
useful, but which are not desired to be present in the material in 
question are, however > also to be understood within the definition of 
the term. Oxidizable substances such as oil and/or chemicals which 

10 are present in soil are, however, especially interesting in the 

present context, as no economical and easily practicable method for 
the removal of such substances from soil, has been known prior to the 
present Invention* Many types of chemical and/or oil pollution of 
soil are or are contemplated to be removable by use of the present 

15 method. Thus, chemicals such as inorganic and/or organic cyanides, 
aliphatic hydrocarbons, aromatic hydrocarbons and halogenated 
aromatic hydrocarbons containing non-halogene functional groups, 
chlorinated aliphatic hydrocarbons and compounds containing sulphur 
(hydrogen sulphide, thiocyanates, mercaptans, etc.) may be 

20 decomposed to harmless substances such am low molecular weight 
organic molecules, e.g. carbon dioxide and acetic acid. 

It is believed to be a novel and very important concept to subject 
polluted soil itself, rather than an extract or percolate therefrom, 
to wet oxidation and preferably subsequent biological degradation. 

25 Without being limited to any theory, it is believed that the 

oxidizable substances are; absorbed on or distributed between the soil 
particles which thereby serve as a carrier for the polluting 
material, and that, therefore, the treatment of the polluted soil 
itself by the method of the Invention is the most effective and 

10 economical way of purifying polluted soil. The amount of oxidizable 
substances carried by a specific soil deposit may accordingly depend 
on the nature of the soil, e.g. the porosity, size or reactivity of 
the soil particles , as well as on the nature of the substance. In 
this context, it is typically observed that soil containing large 

SS amounts of clay and/or organic matter, such as humus, contains larger 
amounts of polluting substances than soil containing large amounts of 
rock and/or gravel material. 
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The cera "soil" as used her In refers to deposits which coaprise the 
upper layer of earth on which plants grow and which consists of 
minerals , disintegrated rock, usually in admixture with various 
organic remains as well as lover lying earth layers, such as 
S unconsolidated rocks, e.g. sand, till and clay. Thus, soil belonging 
to the ABC horizons of soil profiles, which in accordance with 
conventionally used terminology In the art refer to the upper earth 
layers. I.e. the upper soil and sub soil layers, are to be understood 
to be within the scop* of the ter» * soil*. In the present context, 
10 the ten *soll* also embraces the ground or areas surrounding 

industrial plants. The ground, i.e. the treadable area on which the 
transportation of people and/or industrial objects takes place, may 
to a great extent be constituted by sand, gravel, coke, dust, cement 
and other inorganic material which has been subjected to pollution. 

IS Thus, soil collected from refuse dumps or tips, as well as soil 
recovered frost various types of industrial, municipal or domestic 
plants or locations, which may be mixed with a variety of inorganic 
and/or organic non-soil components, a.g. plant remains or various 
wastes. Is in the present context termed soil. 

20 The type of modification of oxldlxable substances which may be 
obtained by the wet oxidation process comprises various chemical 
modifications such as formation of carboxylic or corresponding groups 
on so** of the substances in the polluted material. 



The vet oxidation of the polluted material s*ay be carried out in any 
25 convenient manner, and various types of vessels or reactors, e.g. 
loop, tube or batch reactors, have been found to be useful In this 
regard. One type of reactor which the present inventors have found 
to be very useful for carrying out the wet oxidation treatment is a 
substantially horizontally arranged reactor. In contrast to many of 
30 the known wet oxidation methods, most of which are carried out In 
vertically and often subterraneanly arranged reactors., the present 
inventors have found that the substantially horizontally arranged 
reactor provides very satisfactory and controllable oxidation 
conditions which result in the desired degree of decomposition and/or 
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modification of the oxidisable substances. The optimal oxidation 
conditions will depend on the type of material to be tr ated as veil 
as the nature of the polluting material, and will be more 
specifically discussed in the fol loving. 

5 Suitably, the substantially horizontally arranged reactor comprises a 
tuba or a number of interconnected tubes, and is preferably a plug 
flow tubular reactor. The term "plug flow tubular reactor' 1 as used 
herein refer ta to a tubular flow reactor through which the material 
to be treated is contlnuosly pumped. The flow of the material 

10 approaches, and Is nearly identical to, ideal plug flow, which Is 
defined as an orderly flow wherein no element of the material to be 
treated is mixed with any other element located ahead of or behind 
the element in question. Thus, there is no mixing or diffusion along 
the flow path, the result of which is that the passage time in the 

IS reactor of all the individual elements will be identical. To some 
extent there may be lateral mixing of the material to be treated In 
the plug flow tubular reactor owing to, the vigorous flow conditions 
existing in the reactor. Tha plug flow tubular reactor is also known 
as a plug flow reactor, a slug flow reactor » a piston flow reactor, a 

20 tubular reactor, a pipe reactor and an unmixed flow reactor ♦ 

Preferably % the polluted material is in the form of a liquid 
suspension, such as an aqueous suspension, when subjected to wet 
oxidation. Polluted materials of a wet type, e.g. of the types 
discussed above, e.g. sewage or sludge, are in most cases Inherently, 

23 or subsequent to stirring, in the form of a suspension, whereas 
polluted material of the solid type, e.g. soil, Is suspended in a 
liquid such es water before being subjected to wet oxidation. In some 
cases, it may, however, be advantageous to further suspend the wet 
type materials to be treated, i.e. to dilute these materials by 

30 adding a liquid such as water, before subjecting the materials to 
wet oxidation. This will be discussed in detail below. 

The concentration of solids in the liquid suspension to be subjected 
to vet oxidation may vary within wide limits and will, among other 
things, depend on the nature of the polluted material and the 
35 oxldixable substances to be treated and to what extent the wet 



" r. 
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oxidation is to proceed, J i.e. th» desired degree of decomposition 
and/or modification of the oxidirable substances, as well on the type 
of react r and oxidation conditions employed. Generally, the 
concentration of solids In the suspension co be treated should be 
5 adapted so that the most economical and practically realisable 

reaction conditions are obtained, especially when the vet oxidation 
1* combined with a subsequent blodegradation process. This vill be 
discussed in detail belov. A concentration of solids In the liquid 
suspension vithln the range of 10*601, based on the weight of the 

10 solids and the total volume or valgus of the auspenslon has in moat 
cases been found to be suitable, At concentrations lover than 10X 
(weight/volume) » the vet oxidation treatment vill in most cases not 
bo economically feasible and the optional subsequent solid/liquid 
separation, e.g. filtration, puts heavy demands on the capacity of 

IS the separation equipment compared to the cases Where more 

concentrated suspensions are handled. In the case of suspensions 
having a concentration higher than 60X (velght/volume) , It may be 
difficult to obtain a sufficient flov of the suspension, and these 
high concentration suspensions may contain such high amounts of 

20 oxidlxable material that it may be difficult to obtain the desired 
degree of decomposition and/or modification of this material under 
the reaction conditions in question. 

Concentrations of solids In the liquid suspension vithln the range of 
20*601 (weight/volume), such as 30* 6 0X t and prafarably vithln the 

25 range of 40-60X (weight/volume) and more preferably 40-551 

(weight/volume), e.g. 43~5SX (weight/volume) have baen found to ba 
useful for most purposes, A concentration of solids in the liquid 
suspension of about 50X (weight/volume) has proved to be especially 
suitable both with regard to the capability of the wet oxidation 

30 system of decomposing and/or modifying the oxidlxable substances and 
the treatment of the suspension subsequent to the vet oxidation, e.g. 
the filtration. It must! however, be emphasized, that the optimal 
concentration of solids in the suspension depends on tha vet 
oxidation reactor system to be used as veil as the nature of the 

35 material and the oxidlxable substances to be treated. 
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The particle size f the, solids in the suspension is another feature 

vhich may be of importance in connectl n with the vet oxidation 

process of the present Invention. Preferably, the particle size £ 

1 

the suspension Is adopted so that It p emits pumping of the 
5 suspension in the reactor system In question. Also, the 6l2e of the 
particles should be so adapted that the oxldlzable substances 
contained In, or in connection with the particles Is accessible to 
the vet oxidation process. Thus, vhen treating rather porous polluted 
materials which may contain large amounts of oxldlzable substances In 
10 the pores, it may be desirable that the particles of these materials 
are of a size vhich makes the oxldlzable substances contained in the 
pores accessible to oxidation. 

At present* a particle size of at the most 2 ma is considered to be 
useful vhen the vet oxidation treatment is carried out In reactor 
15 systems vhich make use of conventional pumps and pumping valves, as 
problems may arise >n connection vith the passage of larger particles 
through the valves. Often, smaller particle sizes, e.g. particle 
sizes of at the most 0.7$ mm or at the most 0.5 mm, such as at the 
most 0.2 mm and even at the most 0.150 mm, are suitable. 

20 As the polluted material to be treated often contains particles vhich 
are too large in relation to the vet oxidation system in question, it 
may be necessary to crush, grind or otherwise comminute the material 
so as to obtain suitable particle sizes. The comminution may take 
place in any convenient manner, the type of vhich is not critical in 

25 relation to the present invention. An example of a suitable means for 
comminution of the polluted material la given belov in connection 

vith the explanation of Fig. 1. 

/ 

If the polluted material is of a type vhich is to be suspended in a 
liquid, such as water, prior to vet oxidation, it is conveniently 
50 mixed vith the liquid before the comminution, Whereby the resulting 
mixture is then subjected to comminution and a suspension containing 
particles of the desired size may be obtained. Preferably, the liquid 
la added In an amount vhich results In the desired concentration of 

the suspension so that no further stirring or addition of liquid are 

i 

35 necessary subsequent to the comminution. 

i 



• 



As explained above the wet oxidation of the polluted material may be 
performed In a vide variety of manner a, being dependent, as explained 
above , on the type of material to be treated, the desired degree of 
oxidation of the material , and the type of vet oxidation or reactor 
5 system to be employed. In accordance vith the present invention, it 
is, however, preferred, that the wet oxidation process a method 
according to any of the preceding claims wherein the wet oxidation 
process is performed either by means of an oxidising agent or 
oxidizing agents added to the material prior to its Introduction 

10 into the reactor, or by means of an oxidizing agent or oxidizing 
agents added to the material in the reactor, optionally at various 
positions in the reactor, or by means of a combination of an 
oxidizing agent or oxidizing agtnts added prior to the introduction 
of the material into the reactor and an oxidizing agent or oxidizing 

15 agents added to the material in the reactor, and the material in the 
reactor is subjected to conditions sufficient to result in the 
decomposition and/or modification of oxldlsable substances in the 
material and optionally Improve the fllterability of the material. 



Depending on the types of oxldizable substances and/or polluted 
20 material to bo treated, and the form and amount in which they are to 
be treated, it may be advantageous to incorporate an oxidizing agent 
or oxidizing agents and/or an oxidizing* enhancing agent or oxidifcing- 
enhancing agents in the polluted material prior to its introduction 
into the reactor. The material may in this way undergo some sort of 
25 preoxldation, rendering the subsequent vet oxidation treatment more 
efficient. In most cases, however, the oxidizing agent or agents is 
or are added to the material in the reactor. 

The oxidizing agent or agents which is or are suited to be 
incorporated will, of course, depend on the case in question, 

50 Preferably, the oxidizing agent comprises an oxygen- containing gas, 
preferably a gas containing more than 20X of oxygon by volume, 
preferably more than 501 4 more preferably more than 70X, and mose 
preferably more than SOX, e.g. 100X of oxygen by volume. The 
oxygen* containing gas will in most cases be introduced into the 

35 reactor through an inlet or through several inlets located at 

} I 



i 
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different positions in the reactor. The amount in vhlch the 
oxygen- containing gas is ( introduced int the reactor is, among other 
things , dependent on the desired degree of decomposition and/or 
modification of the oxldizable substances in the material to be 
5 treated in the reactor. In most cases, the amount of oxygen needed to 
decompose and/or modify the oxldizable substances is calculated on 
the basis of small -scale pilot or laboratory experiments on vet 
oxidation of the polluted material in question* Especially In those 
cases vhere the wet oxidation is combined vith a biodegradatlon 

10 process, It is desirable that the oxygen Is added in en amount vhlch 
corresponds to or is in excess of the calculated amount of oxygen 
vhlch is needed to decompose and/or modify the oxldizable substances 
so as to render the polluted material substantially biodegradable. In 
contrast, it is preferred that oxygen is added In excess of the 

IS calculated amount when the polluted material is solely subjected to 
vet oxidation. However, for most purposes, whether a subsequent 
biodegradatlon is performed or not, it is generally preferred to 
adapt the supply of the gas so that it is introduced in an amount 
corresponding to an oxygon amount of at least 100X, preferably an 

20 amount in the range of 105-200X, in particular about 110-160X, such 
as UO-130X, e.g. 110-120X, calculated on the GOD value of the 
material to be treated. 



the pressure of the oxygen-containing gas added to the reactor is to 
be suited to the overall pressure prevailing in the reactor. Thus, 

25 the pressure of the oxygen- containing gas should be at least as high 
as the pressure prevailing in the reactor, so as to ensure that the 
oxygen-containing gas may be distributed within the material in the 
reactor. To ensure that the amount of oxygen* containing gas is 
sufficient throughout the reactor » it may be introduced through 

30 several inlets which are located at different positions in the 
reactor so as to ensure a sufficient distribution of the oxygen- 
containing gas. 

Examples of other suitable oxidizing agents are hydrogen peroxide, a 
percarbonate, a peroxodlsulphate , a permanganate, a peracetate, 
35 hypochlorite , chlorine o$ ozone, optionally in combination with the 
oxygen- containing gas. The oxidizing agent (Including any oxygen- 
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containing gas) is preferably introduced in the above-mentioned 
preferred total amount corresponding to an oxygen amount of at lease 
1001, preferably an amount in the range of 105-200X. in particular 
about 110-1601, such as 110-130X, e.g. 110-1202, calculated on the 
5 COD value of the material to be treated. 

Ic la contemplated that certain types of suitable oxidizing agents 
say be prepared directly In connection with the vet oxidation reactor 
system. For Instance, percarbonate compounds could be produced an 
electrolysis process carried out In an electrolysis system located in 

10 connection vith the vet oxidation reactor system. The electrolysis 
system could optionally be driven by the energy produced by the vet 
oxidation process, and the percarbonate compounds produced could be 
introduced directly into the reactor. Such a system vould be 
especially useful for the treatment of polluted materials Which do 

IS not contain large amounts of substances to be oxidised, or which for 
other reasons do not consume large amounts of oxlditlng agents. The 
system is contemplated to be especially useful for treating soil 
polluted vith relatively lov amounts of oxidizable substances. 

20 For Instance, vben treating an alkaline suspension of soil containing 
high levels of inorganic cyanide, it has turned out that at least 
part of the cyanide content may be decomposed in the presence of an 
oxidizing agent such as potassium permanganate or dl ammonium 
peroxodlaulphate at room temperature or slightly higher temperatures. 

25 The oxidltlon conditions vhich are sufficient to decompose and/or 
modify the oxidizable substances typically comprise heating and 
pressurising the suspension. Thus , according to the present 
invention, it is preferred that the vet oxidation Is performed under 
conditions which comprise heating the suspension and subjecting it to 

30 a pressure which Is at least sufficient to substantially prevent 
boiling of the liquid. 

The temperature and pressure needed for obtaining sufficient 
decomposition and/or modification of the oxidizable sub stance a vill 
depend on the specific material to be treated, and cannot be 
35 generalised. Thus, in most cases, the temperatures necessary for the 

! 
t 
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vet xldatlon processes ire determined by small-scale pilot plant or 
laborat ry experiments n the polluted materiel to be treated. Th 
pressure in the reactor also depend on the temperature therein and 
on the type of material to be treated. After leaving the heat 
5 exchanger of the reactor (the heating tone is explained below) , the 
pressure on the material vhch has been treated therein is released by 
throtting in a relaxing pipe. 

the material subjected to vet oxidation in the reactor is preferably 
first heated in a heating zone of the reactor to a temperature which 

10 is sufficient for initiating the decomposition and/or modification of 
oxidixable susbtancee in the naterial; it is then ttalntalned in a 
reaction tone of the reactor at a temperature at vhich the 
decomposition and/or modification proceeds , for a sufficient time to 
ensure that the decomposed and/or modified substances remaining after 

15 the vet oxidation and the optional removal of heavy metals are 

substantially biodegradable, and then cooled in a cooling zone of the 
reactor. Preferably, the heating xone comprises a heat transfer gone 
in vhich the polluted material entering into the system Is heated by 
heat transfer vith the effluent in the cooling zone of the tube 

20 reactor* The effluent, i.e. the v*t*oxidixed polluted material 

comprising decomposed and/or modified oxidixable substances is, in 
casern vhere the vet oxidation is carried out at elevated 
temperatures, at a high temperature, this effluent may therefore 
advantageously be used to heat the material vhich enters into the 

25 system. When the vet oxidation process vhich is to be carried out at 
elevated temperatures is initiated, it is, however, necessary to heat 
the polluted material by heat derived from an external heating 
system. As the vet oxidation reaction an is exothermic reaction, the 
oxidation may continue continuously after having been initiated, 

30 vlthout the need for further heating, the heat of the effluent being 
in most cases sufficient to heat the polluted material entering into 
the system. As stated above, the polluted material Is maintained In 
the reaction xone for sufficient time to secure that the desired 
degree of decomposition and/or modification of the ox id liable 

35 substances is obtained. 

i 
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In some cases, It nay prove advantage us to adjust Che pH of the 
polluted material to be treated In the reactor so as to enhance the 
vet oxidation of the oxi disable substances therein. Thus, in these 
cases, a pH- regulating agent Is preferably added to the suspension, 
5 the pH- regulating agent preferably being a base, e.g. an alkali metal 
hydroxide, carbonate or bicarbonate, or an alkaline earth metal 
hydroxide, carbonate or bicarbonate, or ammonia, or an organic base, 
Vhen the polluted material to be treated Is soil containing large 
amounts of chalk this pH- adjustment is, however, in most cases not 

10 necessary, as this type of soil is in itself sufficiently alkaline. 
pH-regulation is accordingly more important vhen the polluted 
material to be treated has a neutral or even acidic character. The 
amount In Which the pH* regulating agent should be added will depend 
on the material to be treated as well as on the conditions under 

15 Which the vat oxidation is to be performed. 

In some cases, the effectiveness of the vet oxidation process may be 
improved by adding an oxidation catalyst which preferably comprises a 
manganese (IV) or cerium (IV) compound or a combination thereof. An 
addition of an oxidation catalyst is especially preferred in those 
20 cases, where the polluted material is subjected to several rounds of 
recycling in the vat oxidation system, as the catalyst may be 
difficult to recover from the vet oxidation treated material and 
consequently may be lost from the system vhen the vet oxidation 
treated material is removed. 

25 The rata of decomposition and/or modification of oxldlzable 
substances in the polluted material to be treated in the vet 
oxidation process is incroased the mora vigorous the reaction 
conditions are. Thus, as stated above, tha flov in the plug flow 
reactor is preferably a turbulent flov, i.e. a flov having a Reynolds 

30 number of at least 4000. It is, however, prefarred that the flov of 
the suspension in the reactor has a Reynolds number of at least 
10.000, preferably at least 20,000, more preferably at least 30,000, 
and preferably at the most 100,000, more preferably at the most 
80,000, most preferably at the most 60,000. (The Rejmolds number is a 

35 parameter which is used is an indication of the flov conditions in 
question. The Reynolds number is a dimension! ess quantity which is 
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calculated from the diameter <D) of the tube, the velocity (V) of the 
mat rial through the tube, the viscosity (n) and the density (p) of 
the material. Thus, Reynolds number may be expressed as 

D x V x p/i). 

The flow of the suspension in the reactor is preferably adjusted to 
the viscosity and size of the particles of the suspension so that 
substantially no deposition of the polluted material will take place 
in the reactor. Preferably, the flow rate is in the range of 1,2 • 
2.2 m/sec, such as 1.4 - 2 m/sec, more preferably in the range of 
1*7 - 1.8 m/sec. The actual flow rate to be used is of course 
dependent on the dimensions of the tube reactor as well as on the 
desired extent of wet oxidation to be obtained end on the polluted 
material to be treated, in this regard, it may be noted that the 
capacity of the tube reactor is dependent on the diameter of the tube 
of the reactor. As there are preactlcal limits to the diameter of the 
tube (often, a diameter of about 10 cm will be considered a practical 
maximum for a ateel reactor), one way of increasing the capacity of 
the tube reactor la to construct the tube reactor of two or more 
tubes arranged in parallel. This results in an increased total flow 
capacity of the tube reactor and thus in the possibility of treating 
increased amounts of polluted material. 

The wet oxidation conditions in the tube reactor are preferably 
adapted so that the holding time (reactor volume/flow rate) of the 
suspension In the reactor is such that the polluted material treated 
in the reactor becomes substantially biodegradable. The holding time 
which is required to obtain, this substantial biodc.gr ad ability is of 
course dependent on the nature of the polluted material and the 
oxldlsable substances as well, as on the type, nature and tolerance 
of the subsequent biodegfadation process. Thus, the required holding 
time vill in most eases be determined on the basis of laboratory or 
pilot plant experiments performed on the polluted material to be 
treated. 

In most cases, one past age of the suspension of the polluted material 
through the reactor vill be sufficient to obtain the desired 
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decomposition and/or modification of bxldlzable substances. In some 
cases, however, ic nay hi advantageous to subject the material to 

several passages through the reactor so as to obtain a sufficient 

t 

degree of decomposition and/or modification of oxidlzable substances. 
5 Also* a holding tin* which on the basis on laboratory or pilot plant 
experiments has bean found to be sufficient for the vet oxidation 
treatnent In question nay be obtained by recirculating the 
suspension of the polluted aaterlal one or mora tines through the 
reactor. In nost cases, it is preferred that the holding time under 
10 oxidizing conditions in the reactor is In the range of 5«o0 ain. t 
e.g. 10-50 ain., preferably 20-40 nin. and nost preferably about 30 
■in. 

The kind of blodegradatlon process to vhich the decomposed and/or 
modified substances optionally are subjected is not critical to the 
13 method of the present Invention. 

As stated above, the reactor in vhich the vet oxidation is carried 
out is a reactor comprising a heating zone, a reaction gone and a 
cooling gone. When using rather vigorous oxidising agents, it may be 
necessary that at least the reaction sone of the reactor is 
20 constructed of a aaterlal vhich is substantially resistant to the 
oxidising agent, 

/ As stated above, after initially supplying heat from an external 
source the suspension introduced into the reactor is heated using 
heat recovered by heat exchange. Accordingly, the heating zone of the 
25 reactor is preferably equipped vlth A heat exchanger system and/or a 
heating jacket system* the heat exchanger system preferably 
comprising at least part of the cooling tone of the reactor. 

The vet oxidation treatment may in itself lead to substantially total 
decomposition of the polluted material. Thus, by the vet oxidation 
50 process, the oxidlsable substances may be substantially decomposed to 
lov molecular velght organic compounds, preferably organic compounds 
containing; at the most 4 carbon atoms, preferably at the most 5, more 
preferably 2 carbon atoms or even 1 carbon atom, e.g. formic acid, 
acetic acid or carbondloxide. The conditions under vhich this 
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substantially total dec mposition takes place will of course be 

rt*tv*tnrt#iT»n mt rh* tvn* of noil nr.* A material a« wall ae the oxidl2able 
substanc s therein. In most cases, however, It has been found that a 

substantially total decomposition may be obtained when the vat 

S oxidation is performed in a reactor comprising a substantially 

horizontal tuba or a number of substantially horleontal tuba 

sections, the vat oxidation being perforated at a temperature in the 

range of 150«300 # C. preferably 200-2oO*C, more preferably 220- 

260*C t still more preferably 230-260»C, in particular 240-260*C in 

10 the presence of an oxidizing agent which is added through one or 
several Inlets in an amount which Is at least sufficient to and 
preferably in excess of the theoretical aaount needed to decompose 
the oxi disable substance to the low molecular weight organic 
compounds. As stated above » the aaount of oxygen needed nay be 

IS calculated on the basis of laboratory or small-scale pilot plant 
experiments perforated on the material in question. As mentioned 
above, in most cases, it is preferred that the polluted material to 
be treated is in the for* of a suspension which Is passed through the 
reactor In a substantially contlnous turbulent flow, preferably a 

20 flow having a Reynolds number within the ranges stated above. 

In most eases, the wet oxidation process is advantageously combined 
with a biological degradation process* In such cases % the wet 
oxidation process Is performed to such an extent that the decomposed 
and/or modified substances remaining after the wet oxidation are 

25 substantially biodegradable. When the polluted material contains 

substances which are not oxldixable and thus not degraded by the vet 
oxidation, it may be necessary to remove these substances when these 
will not be tolerated by microorganisms in the blodegradation 
process. Examples of such substances which are not oxldlzable and/or 

30 not biodegradable are heavy metals. Heavy metals may be solublllzed 
by the wet oxidation treatment and thus be removed from the liquid 
phase resulting from the wet oxidation treatment. The heavy metals 
may be removed by precipitation, electrolysis or crystallization, but 
a preferred method involves liquid* liquid extraction. The manner in 

35 which the heavy metals are removed will of course depend en the 

nature of the heavy metals, as well as the amounts In which they are 
present and the specific blodegradation process to be employed. 
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Prior to tKe Mode gradation, it may be necessary to separata material 
in the font of a suspension Into a solid and a liquid phase so as t 
remove at least part of the solid material, which in most ases is 
aore or less inert, from the suspension, as this solid material vill 
5 not be further degraded by the biodegradation process and vill in 
most cases only decrease the capacity of the biodegradation plant in 
question. 

The biodegradation process which is to be used in accordance with 
the present Invention preferably involves introducing the liquid 

10 phase resulting frost the vet oxidation treatment into a 

biodegradation plant, e,$, an activated sludge plant, wherein the 
biodegradable substances In the liquid to be treated are degraded by 
microorganisms which are present in the activated sludge, A vide 
variety of microorganisms may be present, i.e. autotrophic as well as 

IS heterotrophic and aerobic t anaerobic or facultative bacteria, as well 
as lover euycarotic organisms such as protoza. The microorganisms 
utilize the nutrients present in the suspension or liquid to be 
treated. Thus, the microorganisms convert organic and inorganic 
matter to hiomasa under anaerobic, aerobic or anoxic conditions, 

20 Activated sludge may be recovered from various sources such as 

municipal purification plants, and depending on the microorganisms 
which are present in the activated sludge to be employed, it may be 
necessary to adjust the liquid or suspension to be treated so as to 
obtain optimal decomposition conditions. Generally, it is preferred 

25 that the pH-value of the liquid or suspension to be treated is within 
the range of 6-9, as this range vill be tolerated by most 
microorganisms. A pH range of 7*8 is however, in nost cases 
preferred. Also, the temperature of the liquid or suspension to be 
treated should be adapted to the microbial composition of the 

30 activated sludge. Most microorganisms tolerate temperatures within 
the range of 10-?0*C, but optimal microbial growth is often obtained 
at temperatures in the range of 10*40*C or 5S*€S*C. Uhen subjecting 
the suspension to biodegradation directly subsequent to the wet 
oxidation treatment, the temperature which is desirable for the 

3$ biodegradation to proceed Is preferably obtained by allowing the 
effluent from the vet oxidation reactor Co cool on Its passage from 

the yet oxidation reactor, to the biodegradation plant, optionally 

1 
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with an intermediate solid/liquid separation. In some cases. It may 
be advantageous to add further nutrients to the suspension or liquid 
t be treated in the blodjegradation plant if these are deficient In 
certain essential or Mode gradation- enhancing substances. In any 
5 case, the suspension or liquid to be treated should be adapted so as 
to obtain optimal growth conditions. I.e. a maximal specific growth 
rate for the microorganisms present in the activated sludge. These 
optimal conditions may be determined by preliminary experiments on a 
pilot or laboratory scale equipment. 

10 In the activated sludge plant, the microorganisms flocculate and the 
flocculated microorganisms are brought Into contact with the liquid 
or suspension to be created. The distribution of the flocculated 
microorganisms in the suspension is obtained by a means of aeration 
(In the cases of aerobic decomposition conditions), optionally In 

15 combination vith stirring. When the microbial decomposition is 

terminated, the flocculated microorganisms are separated from the 
suspension* often by simply allowing the suspension to settle. At 
least part of the settled aatexial which contains substantial amounts 
of flocculated microorganisms is recycled to the inlet of the 

20 activated sludge plant, wherein it is mixed with the liquid or 
suspension which la to be' subjected to blodegradatlon. In some 
cases, It may be necessary to remove part of the biomaaa. I.e. the 
microorganisms produced as a result of the decomposition, from the 
blodegradatlon plant, this material, which substantially has been 

25 freed from hazardous or toxic substances by the preceding wet 

oxidation treatment, is subjected to filtration and is deposited in 
any convenient manner* 

The degree to which it is economical to degrade or modify the 
toxicity of substances in the material treated towards microbes will 
30 often depend on the most inhibiting substance In the material. After 
the wet oxidation, the treated material is, as explained above, 
normally subjected to a biological degradation. As will be explained 
In the following, the extent to which the wet oxidation is performed 

Is preferably adapted so that the treated material is suitable for 

I 

35 the biological degradation, i.e. the wet oxidation is normally not 

i 

carried out to any extent, beyond that which results in a material, 
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vhich can be degraded by the biological degradation treatment as such 
further vet oxidation treatment would hardly be economical, except In 
cases vbere the energy recovery in the wet oxidation process la a 
positive energy recovery of considerable extent. This, however , 
especially being a possibility in the case of sludge treatment. 

The extent to which the v$t oxidation should decompose and/or modify 
the oxidisable substances in a particular material to adapt the 
treated Material to a particular biodegradation process can be easily 
determined by preliminary experiments in pilot or laboratory 
equipment. 

If the treated material contains any appreciable aaounts of solid 
Insoluble inorganic materials, these are preferably removed prior to 
the biological treatment. Thus, treated sewage is normally passed 
directly to a biological treatment, whereas treated soil suspensions 
will of course have to be subjected to solid/liquid separation and 
the liquid phase subjected to the biological degradation. It is 
interesting to note that in the case of a treated soil suspension, 
the solid Inorganic material (often sand) separated from the liquid 
is normally a star 11a f roe* flowing powder which may be utilized for 
various purposes, such as filler material for cement and concrete 
materials, road building, etc, or as a sterile soil component in 
artificial soil, in the case of sludge treatment, It is also desired 
to perform a solid liquid separation prior to the biological 
degradation. 

In connection with particularly sludge, but also soil suspension, It 
Is to be noted that the wet oxidation results In a greatly enhanced 
separability such as filterabllity of the treated material. While, 
e.g., normal sludge can only with great difficulty be filtered, the 
v«t oxidation treated sludge can be easily separated in a liquid 
phase and a solid phase. The solid phase may be separated in a usual 
filter press and as a consequence of the enhanced separability of the 
phases, filter cakes with a very high dry matter content may be 
obtained. The filter cake or otherwise concentrated solid may be 
disposed of by conventional means such as incineration or 
distribution on fields, j 
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the invention Is further illustrated In the drawing, in which 
Fig. 1 i« * schenatic drawing of a system which is suitable for wot 
oxidation treatment. 

Fig. 2 is a flow diagraa of a conbined wet oxidation and Mclogical 
degradation ereat»ant, 

Fig. 3 i« * schematic view of * biodegradation plant, and 

Fig. 4 is a diagra—aUe view illustrating the principle" of a on. 

suitable biodegradatioo **thod. 
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Fig. 1 is a schematic drawing of a system (1) which is suitable for 
the vet oxidation treatment of polluted material according to tha 
present invention. The system (1) may be employed for the vet 
oxidation treatment of polluted material which initially la In either 
5 ' solid or liquid form. In those cases where the polluted material to 
be treated is solid material containing particles of a site greater 
than 10 ma, the initial stages of the process are as follows; 

The solid material is loaded into a feed-hopper (3) from which the 
material is transported via a conveyor belt (5) to a jaw crusher (7). 
10 The jaw crusher (7) crushes to a particle else of 0*50 am. The 
crushed material la transported via a conveyor belt (11) to a 
vibrating sieve (15), Material of particle site 0-10 mm is 
transported from the bottom of the vibrating sieve via a conveyor 
belt (17) to the top of a storage silo (19). 

15 Particles of size >10 mm are transported from the vibrating sieve 
(15) via a conveyor belt (13) to a cone crusher (9) , where they are 
crushed and returned via the conveyor belt (11) to the vibrating 
sieve (15). 

Polluted material having from the start a maximum particle size of 10 
20 mm can be loaded directly into the storage alio (19). 

Material from the storage silo (19) Is transported via a cup* elevator 
(21) to a alio (23). Material is withdrawn from the bottom of the 
silo with the aid of a belt weigher (not shown) and delivered via a 
conveyor belt weigher (25) to the inlet funnel of a ball mill (29) , 

25 Liquid, in the form of liquid phase resulting from the vet oxidation 
process and subsequent solid/liquid separation, or in the form of 
fresh water t or In the form of a combination of these, is delivered 
from a reservoir (33) to the ball mill (29). After wet-milling, the 
resulting slurry is pumped by means of a slurry pump (31) to a 

30 hydrocyclone (27), in which the liquid slurry is divided into two 
streams. The fine stream is sent to a stirring tank (33) equipped 
with a lid and, if necessary, an air* exhauster. The coarse stream is 
returned to the ball mill. 
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The suspension is led fr^ the stirring tank (35) to a centrifugal 
pump (37) which pumps it to a piston membrane pu&p (43), and tha 
piston membrane pump brings tha suspension up to the required 
pressure • 

5 Polluted material in the form of liquid or sludge nay be loaded 

directly into tha stirring tank (35) . The suspension is heated to the 
desired treatment temperature in the first part of a reactor (47) and 
the required anount of oxygen is added. The suspension is then 
treated at the temperature and oxygen pressure In question, and the 
10 treated suspension is then cooled in a h**at exchanger (not shown) . 
The pressure on the suspension is then released by throttling In a 
relaxation pipe (not shown). The suspension is then led to a 
collecting tank equipped with stirrer (49) . 

The suspension from the collecting tank (49) is pumped to a belt 
15 filter (53) where a spreader system ensures spreading of the 

suspension stream over the whole width of the filter belt, thereby 
ensuring that the filter-cake is of uniform thickness. 

The liquid filtered from the suspension on the belt filter is led to 
a liquid tank (63), The liquid is led from this liquid tank, via a 

20 system of storage tanks (83) 9 back to the reservoir (33) or to ion- 
exchange columns (85 » 87 and 89) In both cases for re -use. 
Alternatively, the liquid is withdrawn from the bottom of the liquid 
tank (63) and led to a storage tank (67); the liquid from the storage 
tank ie then treated further (precipitation) in a precipitation tank 

25 equipped with stirrer (71). 

The filter -cake is subjected to counter -current washing and the spent 
washing water is then led back to the reservoir (33) . An extra 
thorough washing of the filter-cake is made possible by resuspendlng 
the material in a resuspenaion tank (57). The run-off is removed in a 
30 thickener (59) and la led to the precipitation tank (71) . The 
material is then led to 4 belt filter (61) for final filtration. 
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III the precipitation tank (71) , inorganic components are precipitated 
by addition £ chemicals. After allowing it to settle, the 
precipitated material is withdrawn from the bottom f the 
precipitation tank, while the liquid phase is sent, via a second 
5 precipitation tank (73), back to the reservoir (33). Alkali can be 
added to the liquid in the precipitation tank (73) from a storage 
tank (69) in which alkali is nixed. 

Liquid containing dissolved metals in amounts which render 
-- precipitation impracticable can be freed of dissolved metal by Ion* 
10 exchange. The liquid is pumped to the ion-exchange plant (85, 87, 

89). Two columns are run in series, so that the capacity of the first 
column can be fully exploited . The procedure is then changed so that 
the free column becomes the last In a series, and so forth. The free 
column is subjected to an elution programme so that It is ready for 
IS recharging. 

The metal-free liquid is then returned to the reservoir (33). 

Fig. 2 la a flow diagram Which illustrates one example of a method 
for carrying out the combined wet oxidation and subsequent biological 
purification processes In cases Where the material to be treated is 
20 polluted soil such as discussed In the present application. 

Fig. 3 la a schematic view of a biodegradation plant In which the 
biodegradatlon process according to the method of the present 
Invention may suitably be performed. The biodegradation plant in 
Fig. 3 la a so-called 0C0 purifying plant which is in the form of a 

25 one* step active sludge plant wherein organic substances as well as 
nitrogen* containing substances are decomposed without the need for 
adding decomposing chemicals. The plant consists of a circular 
aeration tank (101) which la divided into three volume zones, and a 
clearing tank (103) wherein the treated material ia separated into a 

30 solid and a liquid phase. The material resulting from the wet 

oxidation, either In the form of a suspension or in a liquid form 
which optionally has been obtained by subjecting the effluent (the 
wet oxidation treated material) from the reactor to separation into a 
solid and a substantially' liquid phase, is introduced into a central 
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part (105) of the aeration tank (101) through an inlet (107). The 
liquid to be subjected to biological degradation is then subjected t 
degradation in a zone (109) and zone (111) of the aeration tank. The 
zone (109) and the zone (111) are separated by a partition (110) in 
5 vhich a number of diffusers are positioned. Further, the aeration 
tank is equipped with stirring aeans in each of the zones (105), 
(109) and (111) of the aeration tank (101). and the stirring provides 
a horizontal movement of the liquid in each of the zones (105) t (109) 
and (111). Only in zones (109) and (111) of the aeration tank (101) 

10 is the liquid subjected to aeration; In zone (101) anaerobic 

conditions prevail. The liquid naterlal subjected to biodegradation, 
vhich is contained in zones (109) and (111) of the aeration tank 
(101) , is subjected to a certain degree of nixing which will be 
discussed in detail belov in the explanation of Pig. 4. The aaterial 

15 from the aeration tank is transferred to the clearing tank (103) 
through a tube (115) . In the clearing tank (105) * the treated 
Mterlal la separated into a liquid and a solid phase, the separation 
being perforated by allowing the solid part of the treated material to 
settle. The settled solid phase, which is in the form of sludge, is 

20 then transferred to the aeration tank for another biological 

degradation treatment. The sludge is passed through a tube (115) to a 
sludge pumping wall (117) and further through « tuba (119) to the 
Inlet (107) • The biologically degraded liquid phase f roa the clearing 
tank (105) is removed from the plant through an outlet (121), e.g. 

25 directly into the environment, as the water by the biological 

degradation leads to a degree of purity sufficient for this purpose. 

Fig. 4 is a diagrammatic view of the principles of the 0C0-proceefi as 

it is carried out In the aeration tank (101). The material to be 

treated is introduced Into the reaction zone (105) of the aeration 

50 tank (101). Anaerobic conditions prevail in the zone (105), and 

substantially no oxygen or nitrate li present in this zone. In the 

zone (105) anaerobic degradation of the aaterial to be degraded is 

carried out* Fro* the anaerobic zone (105), the aaterial is passed to 

the zone (109) wherein anoxic conditions prevail. ^Anoxic conditions 

35 comprise conditions where nitrate is present and oxygen is absent. 

t 

Thus, in the anoxic zone <109), the nitrogen of the nitrate 
compounds is converted to the gaseous nitrogen, as the 
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microorganisms f the active sludge utilize the nitrate as en 
oxidizing agent when no xygen is present. Between the zones (109) 
and (Ul) t a certain degree of nixing of the substances takes place. 
Aer bic conditi na prevail in zona (111), i.e. conditions where 
oxygen is present in the water. Under the aerobic conditions tha 
organic natter in the material to be treated ia oxidized and 
converted to carbon dioxide and water. Further, ammonia and organic 
nitrogen are converted to nitrate compounds, rart of the organic 
matter present in the wit* rial Is used In production of 
microorganisms. As explained above in connection with Fig. 3 t a 
certain degree of nixing takes place between the zones (109) and 
(111) of the aeration tank (101). This mixing la performed by varying 
the means of stirring of tones (109) and (111). The degree of mixing 
is determined by the composition of the material to be treated, i.e. 
to ensure that a sufficient decomposition of the material is 
obtained. The partition (110) ensures that the flow in zones (109) 
and (111) are independent of each other and that controllable mixing 
of the two zones can take place in the part of the aeration tank 
where no partition is present. 
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EQUIPMENT AND REACTION CONDITIONS USED IN THE EXAMPLES 

Th experiments were perf rmed In a pilot autoclave ("1 op* 
autoclave*) made of acid- resistant steal of the type UBH24, available 
from Aveeta, Sweden, and consisting of a steel container in the form 
5 of a cylinder having an inner diameter of about 11 cm and a height of 
1$ ca, and an externally placed 160 cm long steel cube vlth an inner 
diameter of 22 mm forming a closed loop. One end of the tube vas 
welded to the outside of the bottom of the container, and the other 
end vas welded to the outside of the lover part of the side of the 

10 container. In the hot ton of the container, just above the tube 

connection, a centrifugal pump Wheel vas placed which created the 
flow of the suspension to be treated through the closed autoclave 
system comprising the tube and the cylinder. The pump wheel was 
driven by an electric motor via a magnetic coupling, the electric 

13 motor being placed outside the autoclave* The top of the container 
vas constituted by a lid vhich vas closed by a flange assembly. The 
lid vas equipped vith an inlet valve for molecular oxygen. The 
suspension to be treated in the autoclave vas added to the container 
by removing the lid and simply pouring the suspension Into the 

20 container. The treated suspension vas withdrawn from the autoclave by 
means of a vacuum pump. The volume of the suspension In each of the 
following examples vas about half of the total volume of the 
autoclave. The remaining free volume of the autoclave vas filled vith 
oxygen. 

25 The initial oxygen pressures employed are specified in the individual 
examples belov. The autoclave itself vas not equipped vlth a pressure 
gauge. 

The autoclave vas constructed so as to obtain reaction conditions in 
the tube very similar to plug flow conditions. When pure vater vas 
30 circulated in the autoclave by means of the pump, the flov rate was 
about 1 liter/sec, resulting in a Reynolds number of about 30,000. 

As the viscosity of the suspensions in some of the following examples 

t 

is dependent on the types of components present in the suspensions, 
the flow rate and the Reynolds number may differ from those of pure 
35 vacer. It has not been possible to measure to exact flov rate of the 

I ' 
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nsiens used in th. . kaaples as such «e. S «ren,.nts would disturb 
th. reaction, but it was i vident that th. flow was turbul.nt. i.e. of 
a Reynolds number well in' excess of 4.000. 

The autoclave was heated by being dipped in a *her»ost.tted melted 
5 .alt bath end cooled by b«in* dipped in cold water. With respect to 
heating, the desired temperature was reached within about 5 .in. and 
vith respect to cooling, the temperature was reached in about 2 min. 

the autoclave temperature ployed in the heating phase and the 
duration of heating are specified in the Individual examples below. 



10 EXAMPLE 1 



fl1 imT ^ .~.^nr .f l^rrtm vasra w,tf>r fm wrt 

iftH ftcal «v n r v»««» t»lant 



M, Watt 

Th* main ebjecclvo was to remov. primary aromatic amine (WA> . at 
IS the same time raducing the amount of organic material expressed in 
tons of COD. when the -in. had bun removed the regaining materiel 
could be subjected to biological purification. 

*he 

te almost clear, slightly yellowish liquid which v.. reported to 
20 contain: 

PAA (sulphanilic ac*d> - *Wt«. W60 mg/1 

- approx. *W0 mg/1 

rlirnii wA 

^.dur. : Th. oxygen pressure corresponding to 100* oxidative 
25 degradation was calculated on th. basis of th. reported COD value. 

The loop-autoclave was hjtlf filled with liquid; to this case 6 bar 0 2 

t 
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in * s~ vol-* o* 960 ^.corresponds to 8340 »8 0 2 par liter at rooa 
W r.tu«. 6.2 bar should correspond to 8620 »g/l. A pressure 
of 12 bar 0, v.s normally used, but an expert using 6 bar and 
another using IB bar 0* vara also carried out. Temperatures of 
160-C. 200-C and 240'C ware staintained for 10 »in. or 25 *ln. 

Table la summarizes the treatment conditions and the resulting 
values for COD, PM and pH. 

tt^lts : the results are sumarUed in Table la. 



TABLE la 



10 



IS 



20 



25 



Expt 



1 
2 
3 
4 

6 

7 
8 



Treatment 

Hone (starting «at.) 
160* C, 10 »in., 12 ata. 

, 25 siln. » * 
200*C, 10 »in., - 
, 25 sdn. t • 

» 6 at» 
, 18 at» 
240*C. 10 »in, » 12 ata 
, 25 »in.» • 



00D agA 


PAA ng/1 


PH 


10000 


2100 


4.20 


0 2 8800 


1700 


4.19 


6400 


1100 


4.08 


7900 


1000 


4.00 


6500 


620 


4.03 


6500 


785 


4.06 


6500 


530 


4.08 


6000 


620 


4.25 


5600 


370 


4.45 



^v,. tro»t»*nt « H0-C for 10 «ln. r.aultad In a vary dar* brown 
^anTTa-ll r..«*Ung that of ear«.l. A high.. te«poratur.. 
«*» with long.* nation of traacnt th. colour paiod until U could 
U ehar.ecrl..d a. .UsKtly olive-groan. Th. «U 
Ilk. that of aldatayde. or k.ton... Afcr tr..«ant at 240-C, both for 
10 in. and for 23 »tn.. tho —ll of HCH va. dotactabl. <lw 
prasanco «u also da*>i»trated using a Dragar tuba). 
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1 

1.3.2. Rxt>«rip«nt&l strlts 1.2 

procedure : Sine* It Is probable that oxidative degradation Is 
enhanced in a basic medium, Na2C0 3 , KOH or Ca(0H>2 were added. Cu 
was also added in two of the experiments since it has been reported 
5 to have a catalytic effect* 

240'C» 25 sin, and 12 eta C>2 vere the conditions generally employed. 
40 g IU2CO3 4 3,6 1 KOH vere added in Experiments 9, 10 and 11. In 
Experiment 10, 107 mg of Cu 2 * vere added In the form of KHj complex. 
In Experiment 11, 600 mg of Cu vere added as metal powder. In 
10 Experiment 12, 32 g of Ca(0H)2 vere added and nothing else. 

Results : the results are shown in Table lb. 



1UU lb 



15 



20 



COD mg/1 PAA mg/1 pH Cu ppa 



9 3200 6 9.47 

10 7400 100 9.07 47 

11 6900 50 9.11 56 

12 6400 12 12.40 



Remarks: all the above Experiments vere conducted at 240*C for 25 
min. at 12 atm O2* In Experiments 9, 10 and 11 1 the pH before 
autoclave treatment vas 10.2. The colour in the absence of Cu vas 
Intensely yellov. In the presence of copper it vas slighty brownish. 
25 All the treated samples smelled strongly of but not of HCN. 

1 3.3. ftmerf^ntal eeriea 1.3. 

Procedure : 20 g of N^CC^ vere used in Experiment 13 M and 20 g of 
IU2CO3 + 2.6 g of KaOH vere used In Experiment 14. Since the results 
vere considerably poorerj after the Addition of Cu, an attempt vas 
30 made to reproduce Experiment 9 (see Experiment 13 belov). However » lc 
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was not possible to reprove* the results of Experiment 9, possibly 
owing t the presence of some Cu remaining i n the autoclave. The 
autoclave was therefore cleaned thoroughly with 1.5 1 of dilute HN0 3 , 
which dissolved 125 mg of Cu. 400 g of quartz powder + 800 ml of 
water were then circulated for 1 hour, after which the autoclave was 
rinsed and Experiment 9 vas repeated (see Experiment 16 belov). 



10 



15 





the results are shown in Table lc. 




TABLE lc 








Expt. 


COO ag/1 


paa mg/i 


pH 


13 
14 
15 
16 


6100 
7300 
6000 
4800 


235 
136 
21 

10 


9,00*7.95 
9.55*8.68 
10.2 
9.70 



Remarks: all the above Experiments vera conducted at 240 # C for 25 
min, at 12 atm Oj. 



20 



tofift&ttm: l) two experiments were carried out at temperatures higher 
than 240*C; 2) Experiment 9 was repeated after thorough cleaning of 
the autoclave as described above; 3) three experiments were carried 
out using smaller amounts of Ca(0H) 2 than in Experiment 12. 

RftJUifcg; the results are shown in Table Id. 



1 

1 



TABU Id 



Expt. 



COD mg/1 



33 



PAA ax/i 
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pH 



10 



17 
IS 
1* 
20 
21 
22 



4600 
3700 
5600 
5700 
6000 
6100 



425 
22 
11 
9 
17 
82 



4.55 
5.51 
9,49 
12,61 
12.1 
9.8 



15 Experiment 



Experiment 18 vat carried out at 280*C for 20 nitu at 12 atn, 

19 vu a repetition of Experiment 9. 

20 vat carried out as for Experiment 12, but with only 
20 f of Ca(0H> 2 . 

Experiment 21 was carried out as for Experiment 12, but vith only 
10 S of C*(0H) 2 . 

Experiment 22 vas carried out at for Experiment 12, but vith only 5 g 
20 of Ca(0H) 2 . 

A loak occurred during Experiment 17 when the temperature reached 
26VC; tha autoclave vat therefore cooled immediately. The smell of 
VCN, Which vat apparent after treatment at 240*C, vat nov vary veak. 
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1 

ftltttamflaMlltY of organic naterial off^nt In the va^to vat«r 
after autoclave t reatment 

procure:, the effect of a representative selection of eight sample* 
of vaste vater vhlch had been treated in the loop- autoclave (as 
specified in section 1.3, above) on the respiration (O2 consumption 
rate) of the microorganisms present In a typical active sludge used 
In biological purification plants vas Investigated, 

50 ml samples of autoclave -treated vaste vater vera adjusted to pH 
7.0 by the addition of 2 M CH3COOH or 1 M NaQH (depending on whether 
or not base had been added to the vaste vater prior to the oxidation 
treatment in the loop-autoclave) , and 230 ml of the forcibly aerated 
active sludge vas added to each sample in a container vhich could be 
closed to the atmosphere. 

50 ml of a glucose solution with a C0D*value equal to that of the 
autoclave- treated vaste water staple in question vas used as control 
in each case. 

After mixing the active sludge and the saaple or control, the 
container vas closed to the atmosphere. Respiration* expressed as ag 
O2 p«r litre per mixu, vas monitored, using a WW 0$ electrode placed 
in the container, over a period of 3-20 a in. (depending on the rate 
of O2 consumption). 

Results; the results are suaaerised In Table le. 



! 

I! 
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TABU U 




10 



Swrol* 
Expt 

1 
3 
6 

11 

» 
18 
19 
22 



Ho. 



COD* P^* I-F. 



160 


10 


200 


8800 


200 


10 


200 


7900 


200 


25 


300 


6500 


240 


25 


200 


6900 


240 


25 


200 


6400 


280 


20 


200 


3700 


240 


25 


200 


3600 


240 


25 


200 


6100 




15 



untraatad waata watar. 

I^ltion factor d.FO " M * 



20 




25 



JO 



titration with central 

. » * Cu and tat* fcad M 

m^U U. »* " * loft * tC MBpl4 * ' 

_ it-tt^w that tfca lifeibltlo* factor (X.F.) 
th. r«ul« to ^ 4tlon of ttMW „t at a given 

toeraa... ^!" 4tttt . tor a givan duration of 

t^pararor.. «* vltK dattaaaing t«*aratur. 

traafane to th. loop-autoelav.. 

^ « .» rt a haoearlocldal affect, tha 



I 
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i e*d x.Utivlly lov te-per.tur« Lads t - "quid *i* 

holding times and rei*txve j 

can be satisfactorily biod^raded. 



5 plants 

drain o£f th* water. 




10 



? ?, ^ * 

v . hrovn malodorous aludje from a Uni.b mndcipal 
Thick, dark grey-brown. »aw* 

purif teat ion plant, 

nil r 1dpi mrll m" lta 




15 



20 



25 



^* vet oxidation at three chosen 

W eratur.«. WC, W3 C an* I consld «.d f.aslU. 

.1.. c«rM -t for prison <P»r. »2> • ^ ^ 

. „..t the «1«»S» « condition. The aut 

tWt "7 * «„> v . lu . v.. reported being appro*, 
filled (»60 .1). The «•> ™ ltt * * to ^ 8M ph a»e. 

aoooo u 0,A. corresponding to approx. 30 »»g 2 
40000 «g <V • ^for. ..ployed In .11 th. 

r ^ii o™ ouv. _ — * T — - *■ - 

r.p.ctlv.ly. Th. beating and cooling pha... ~r. « 
Zrl-ant. vlth lndu.trl.1 -to -tor (Ex-.pl. U. 



th. r..«U. aro; .Hov* to table 2a. 



* 

■t 
i 
* 

« 

s 

« 
* 

\ 

"i 

i 
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Expt. 


»2 


02(*ti6> 


Temp. 


Tine 


5 1 


anaerobic 




165*C 


25 »in. 


2 




30 


130 W C 


10 min. 


3 


• 


30 


* 


25 min. 


4 




30 


16VC 


10 min. 


5 




30 




25 min. 


10 6 




30 


200*C 


10 Bin. 


7 


• 


30 




25 Bin. 



After treatment the dry-aatter content, ignition residue, COD, BOD, 
and were determined. %z v« qualitatively apparent that the 
treated sludge was lighter in colour, aedimented batter, and that 
the small decreased vith increasing teioperature of the oxidative 
treatment. After treatment at 200*C the smell had almost disappeared, 
whereas after the anaerobic treatment at 165*C it seemed to be even 
worse than before treatment. The results are shown in Table 2b. 




TABU 2b 
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Expt 
5 Ho. 



1 

a 

3 
4 

s 

6 
7 



10 



20 



25 



Dry 


Ignition 


Loss on 




BOD 








ignition 


COD 


pH 


sAs 


SA* 


ftAg 


mg/1 


tt&A 


41,0 


12.0 


29.0 


46900 


7000 


5.7 


35.S 


13.1 


22.7 


43100 


8500 


5.4 


46.6 


13.9 


32.7 


47200 


7300 


5.1 


41.9 


11.9 


30.0 


45600 


11600 


4.4 


42.3 


13.0 


29.3 


44100 


10400 


3,9 


30.2 


9.4 


20.8 


30800 


8700 


4.0 


22.6 


8.0 


14.6 


25000 


9300 


4,5 



IS th»tr.*t*d sludp 



33500 



t^cuon to COD Aov 165«C. In *. cat. BOD Cher. «. 

« tocww « 1B'« <** ^ to th. «*«oblc .xp.rl-.nt) , vhlch 
«ut b. M crib«d « toct.-. to th. Molo,l«l d^r.diblllty *f t.r 



2.4 jjiatojiaitaiilittii-tf* 



l 1 IY1l' t!> ** t * d 



30 



fc*^ th. .ttoet of four .«pl.. b "* 

^Tto «h* tar-Hd* <« «* «~ tlon *•»•*• 

<* th. ^.tion of th. *ctoor 8 ani». ,r...nt to th. 

(«. *t**l. 1, 1.4) v M tov.«to.t.4. 50 -1 ««pU. of 

^«U» W {,roC ' dUr * WM ° thfttWU% " 

dMcrfb** to bwrlt 1. wetlen 1.4. 

t .. u l t>! ih. r.tult> *r. rawrlmt to T.bU 2«. 
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TABLE 2c 



| Sample Trtita^nt conditions* I.F. 

Expt. No. Tenp»/*C time/min. O^pressure/ata. 



5 



10 



4 


. 165 


10 


30 


1.43 


S 


165 


25 


30 


1.0 




200 


10 


30 


0.53 


7 


200 


25 


30 


0.67 



* See Table 2a 

** Defined «s in Example 1. Table la. 

flemarVa* The results clearly indicate that a treatment temperature of 
165*C leads to significantly better inhibition results than a 
15 temperature of 200*C» and that the shorter treatment time also laada 
to inhibition results vhich ara comparable to or batter than those 
obtained following the longer treatment tiaa. 

eonclua Ion; Vet oxidation of savage sludge using short holding tines 
and relatively low temperatures leads to a material which can ba 
20 readily blodegraded. 

EXAMPLE 3 



^l«n tfstmmfc of toll from the site of a chemleal plant 
producing ifisectldas. 

3 1. Object 

25 The object vas to destroy DDT, 4-chloro-2-methylphenol(in the 
following abbreviated as ehlorocreaol) , and parathlon vhioh had 
accumulated in the soil as a result of previous industrial activity. 



3.2.Th<> soil notarial j 
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Soil samples were taken, using an earth auger, f r m t» localities on 
Che site vhere pollution should, according to a previous 
investigation, have been considerable. The samples, denoted A and B 
5 in the following, vere divided into lengths of about 1 a. The 
material vas mostly stiff, chalky clay containing an appreciable 
quantity of stones. The material near the surface also contained 
gravel, presumably added artificially, 

ft.g.l. Initial experiments 

10 The samples vere dried at 105*C, crushed, and sieved in order to 
remove stones and gravel of sire > 0,75 mm. A 40 g sample was 
subjected to Soxblet extraction with 150 ml of acecone/hexane (80:20 
v/v). The volume of the extract vas reduced to 25 ml by evaporation, 
and it vas then transferred quantitatively to a separating funnel by 

15 rinsing first vith 100 ml of water and then with 50 ml of 

dichloromethane . After shaking, separating the phases and extracting 
vith a further 50 ml of dichloromethane, the combined 
dichloromethane phases were dried with anhydrous NajSO^ evaporated 
to dryness, and the residue vas dissolved in hexane for quantitative 

20 analysis by gas chromatography. 

Analyses vera carried out for the above* mentioned three 
characteristic compounds, vis. 1) DOT, 2) chlorocresol and 3) 
parathlen. However, no clear evidence for the presence of any of 
these vas obtained; even though modifications in the analysis 
25 technique vould probably lead to better results, the amounts of the 
compounds vere so close to the detection* limit that it would be 
difficult to determine to what extent they were removed by the 
autoclave treatment. It vas therefore deoided to artificially 
increase the sample content of each of these compounds individually. 



■ ' ■•,-> ■ * , • •' ••• • • . . - ■ ■ * ■' H.-.V 
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* : 

3.3. Experimental eondlctona and resulta 

* 

3.3.1. Experiments vith PPT 



j Procedure: To 80 g of dried soli sample vu added * solution of 0.36 

* of DDT In sufficient ethanol to moisten Che entire sample (ca. 20 

3 5 si). The sample vas then dried at 105 *C. Since lc was lecer found 

thee DDT Is converted to DDE et this temperature, sample drying In 



j subsequent experiments was carried out at room temperature In vacuum* 



The vet oxidation (autoclave treatment) vas carried out In the 
above - described loop autoclave, A suspension of 80 g of DDT* 
10 enriched sample in 1 litre of water vas heated to 280*C for 25 mln 
under an initial oxygen pressure of $ bar (it was originally planned 
alao to try temperatures of 200*C and 240*C, but since decomposition 
of DDT at 280*C vat inadequate thie vas regarded as a waste of 
time). 

15 After the autoclave treatment the suspension vas filtered. The 

filter-cake waa dried at -jroom temperature in vacuum and a 40 g sample 
urns subjected to Soxhlet extraction as in the Initial experiments* 

maeulta ; After drying at 105 % C, a large proportion of the DDT vas 
found to have been converted to DDS [l»l<-bis(4-chlorophenyl)-2 t 2- 
20 dichloroethene ) * This is presumably due to reaction with chalk 
(CaC0$) present in the soil sample: the conversion of DDT to DDE 
involves the release of H£l (1 mol per mol) vhlch would react readily 
with chalk. 

On drying at room temperature Instead of 105 *C no DDE vas found; 
25 however, a large proportion of the added DDT could not be accounted 
for* After autoclave treatment at 280*C all DOT vas converted to DDE 
• the amount of DDE found corresponded to the DDT content of the 
starting material* Ho other conversion products could be identified 
with certainty, and Wl vas not detected in the filtrate* 
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3.3.2. Experiments with chlorocrasol 

r < 
ft 

Procedure : Using the procedure described for DDT (section 3.3.1., 
above)* ehlorocresol was virtually undetectable; this is due to the 
volatility of the compound and its solubility in water. The method 
5 was then modified as described in the following, after which 
satisfactory results were obtained. 

Two samples, one with a high content of clay (A, 2.0-3.0 m) and one 
with * higher content of gravel (B, 0.1-0.5 m) were wet -sieved (mesh 
size 0.75 ma) and suspended in water (1 litre of water per 100 g of 

10 soil sample). An ethanolic solution of ehlorocresol (0.72 mg in 4 ml 
per 100 g of soil sample) was then added to each suspension! and a 
portion of each of the resulting mixtures was allowed to stand at 
room temperature. Other portions (100 g soil sample in 1 litre of 
water) were treated in the autoclave at 200*C, 240*C and 275*C, 

15 respectively* for 25 min. under an Initial oxygen pressure of 6 bar. 

The pH of the various portions was adjusted to 4.5 with 6 M HC1, and 
they were then filtered through a Buchner funnel. The filtrate (D) 
vaa kept for subsequent analysis. 

Instead of drying the moist filter -cake (C) It was Soxhlet extracted 
20 with 150 ml of acetone/dichloromethane (60:20 v/v); the weight of the 
sample vaa determined afterwards. The extract was concentrated to a 
volume of 25 ml by evaporation* and transferred quantitatively to a 
separating funnel by rinsing first vlth 100 ml of water and then with 
50 ml of dichlorome thane. After shaking, separating the phases and 
25 extracting vlth a further 50 ml of dichlorome thane » a known amount of 
4*chlorophenol was added as an internal standard to the combined 
dichlorome thane phases , which were then dried with Ca&2. After 
concentrating the solution to 1 ml by evaporation, the sample was 
sllylated with I ml of the following reagent: 

30 5 ml of pyridine* 1 ml of hexamethyldisilazane and 0.J ml of 
trlmethylchlorosilane . 
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The sample vas kept in ait oil -bath at 80*C for 30 tain, and then 
analyzed by CCHS, measurements being made f r two ions which are 
characteristic for 4*chlorophenol and chlerocresol, respectively. 

A solution of 200 jil of 4«chlorophenol in hexane vas added to the 
5 filtrate (D), which was then allowed to stand overnight. It was then 
made alkaline with KaOH and the resulting precipitate (consisting in 
part of C&CO3) vas allowed to settle. The liquid phase was 
transferred co a separating funnel by decantation and washed with 
dlchloroaethane. After separation, the dichloroae thane phase vas 
10 discarded. The aqueous phase vas acidified and rtshaken with 

dichloroae thane; the analysis procedure vas then as described above 
for the filter-cake (C). 

Results ; Chlorophenols are degraded extensively by wet oxidation, 
the largest fragments being CH3COOH and HC1, It vas therefore 
IS regarded as sufficient to analyse for possible remaining 

chloxocresol. The amounts found (in per cent of the added amounts) 
are shovn in Table 3a. 



TAILS 3a 



20 Chlorocresol/ X 



Filter-cake (C) Filtrate (D) 



Untreated 10/10* 90/90* 

200*C «0 33/21* 

25 240*C 0 0 

275 % C 0 0 



* Samples B/A 



V*.3 r E*t*ri»«mt« vith narathion 



30 Procedure : As for chlorocresol, suspensions of ca. 100 g o£ soil 
•ample A in 1 litre of water were each treated with 4 ol of a 
solution of paracolon in .hexane (180 ng/1) . Since parathion vas 
expected to be easily degraded, autoclave treatment vas first carried 
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out at 200'C for 25 min. under an Initial oxygen pr ssure of e bar; 
in subsequent experiments temperatures of 240*C and 280*C were also 
employ d. The suspensions wer filtered dlr ctly, and th filter-celce 
and filtrate were treated in the sane way as described for 
chlorocresol. 

poults: The p-nitronhenol moiety of parachion contributes abouc 
naif of the molecular weight. The addition of 0.72 mg of parathion to 
1 litre can therefore give rise to a maximum of ea. 0.36 ppm of p- 
nitrophenol. The solubility of p-nitrophenol resembles that of 
chlorocresol. and the compound was therefore sought in the filtrate. 
The analysis was performed us in* liquid chromatography and 
identification by UV spectrophotometry. The results are shown in 
Table 3b. 



TABLE 3b 



15 
















Untreated 


200»C 


240 # C 


2S0*C 




Paratbion 


0.45 


0 


0 


0 


20 


p~mltrophenol 


0.04 


0.12 


0.14 


0.04 



Oct the basis of the experiments carried out it could not be 
established whether the 0.04 ppm found in the untreated sample were 
derived from added paratbion, or from parathion present in the soil 
25 at the time of sample- taking or present in the water from the 
laboratory water deioniaing plant. 

It can. however, be seen that p-nltrophenol is formed on heating to 
200*C and that It first decomposes significantly at temperatures 
over 240*C. 

* 

30 ca. SOX of the original amount of parathion was found in the 

untreated sample, whereas the treated samples contained a maximum of 
1.5X. 
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EXAMPLE 4 

fr,t^i«v» t r ra *»»*>t ^ *™» * ™>» disused gai-vorka In 

Copenhagen. 




&_1 Ohlect 

The object was to destroy polycyclic aromatic hydrocarbons (PAH) 
which are the main constituent of the organic material preeent in 
gas-works aoil. Be»g(k)fluoranthene and bens(a)pyrene vara choaan as 
Indicator* for PAH. 



10 In taking eamplea, as much alag- containing and tarry material aa 

possibla was included. Iron ora (ferric oxide) could also ba prasant; 
however, tha actual content of soil in tha normal sense of the vord 
was probably vary low. The general impression was of a black, coarsa, 
slightly moist mass smallta* strongly of gas-works, 

IS 4 !* ftrperinenrsl conditions and results 

Tha material bad a consistency lika moist gravel, with lumps of 
varying ai«a. ftefore autoclave treatment it was crushed to a 
particle alga of laaa than l.S n, and analytical samples ware taken 
for determination of water content and content of PAH. 



20 



in all the autoclave experiments, 100 g of 
crushed soil material (calculated on the basis of dry weight) in 1 
litre of water, or water to which base had been edded (as specif lad 
below), was treated at 2(0* C. 
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i 

» 

1) 25 adn.. 10 afcn 0 2 : 

4 1 

filtrate yellowish, slightly grey-green, pH 2.15, small 
Altered but still slightly tarry. Much COj, possibly no 03- 
excess. 

5 2) 60 nin., 20 atm 0^ 30 g HaOH: 

filtrate darfcbrown, difficult to filter. Smell still 
organic, pH 8.6. Oj-excess small, 

3) 60 min., 30 atm <>2» 30 g Ca(0H)j: 

filtrate straw-yellow, reasonably easy to filter, smell 
10 almost like bunas, pH 6.5, large <>2* excess. 

4) The results of the third experiment (above) looked 
satisfactory, but a shorter duration of treatment was 
desirable, A new experiment was therefore carried out 
using 30 min. treatment time', 30 atm 0$ and 30 g Ca(0H)2* 

13 The filtrate was like that in Experiment 3) . but the pH was 

9.8, possibly because the material was lnhomogeneous , 

TA8IX U 

Vater content in the sample subjected to extraction (X) 



Untreated 


Treated 1) 


2) 


3) 


4) 


13 


28.6 


25.1 


33,7 


28.0 



J. 



Analysis far PAH ; Treated and untreated samples were subjected to 
25 Soxhlet extraction with toluene, and the crude extracts were 
analysed by high performance liquid ehromatogrophy (HPLC) with 
fluorescence detection, , 



1 



• St 
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The analytical method was chosen on the basis of che following 
criteria: 

1) the method is sensitive and specific for the two PAH 

benz (It) fluoranthene (BkF) and benz(a)pyrene (BaP) which were 
S chosen as PAH Indicators. 

2) The method requires a minimum of sample pre treatment. 

BkF and BaP are suitable as Indicators in this type of investigation 
because BkF is one of the most stable of the more prevalent PAH and 
BaP is one of the most reactive t both compounds being regarded as 
10 carcinogenic . 

The determination of BkF and BaP i the PAH fraction obtained by HPLC 
fractionation of portions of crude extracts of an untreated and a 
treated sample, respectively , confined the usefulness of this 
aethod for the crude extracts. The results for BkF and BaP, and the 
IS similarity between the chrcaatograms for the fractionated samples 
and the crude extracts also indicate: 

1) that PAH are the main constituents of POK (polycyclic organic 
material) in the soil, 

2) that it is reasonable to focus on PAH alone, and 

20 3) that PAH are either totally degraded on autoclave treatment or 
converted to water* soluble compounds. 

It should also be mentioned that the high content of BaP and BkF in 
the untreated soil* together with the ratio of BaP to BkF, indicate 
that PAH are converted only slowly in soil. 

25 Results; the results are shown in Table 4b. 



i 

* 
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TABU 4b 



I 



Ccmtwit (»») of V«w(»)Pjrr«n» *** W<k)fluor*nth.ne In *oll 



S . Compound 



gyp«»T<»M>t Ma. 
0* 1) 



2) 



3) 



<0 



beia(a)pvr«ne 


4S 


0.3$ 


0.18 


0.14 


0.22 


btnz (k) fluoranthene 


25 


1.6 


1.1 


0.20 


0,36 



10 * Untreated soil 



14 fciodfe 



15 



20 




KSftfitAtlt: the affect of various dilutions of the f iltrate* obtained 
after autoclave treatments 1), 2) and 3) (sot seetion 4.3. above) on 
the respiration of the »ieroorganisBs present in a typical active 
sludge used in biological purification plants was investigated. Tha 
following filtrate dilutions vera employed; 



IX dilution: 



2.5 «1 filtrate + 247.5 nl dta tilled water 

50 ml active sludge 

1.5 #1 5X glucose solution 

1.5 atl nutrient solution 



25 



10X dilution 



10 ml filtrate + 90 »1 distilled water 

20 m\ active sludge 

0.6 pi 51 glucose solution 

0.6 ml nutrient solution 
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I 

50% dilution; 25 al filtrate + 25 ml distilled w ter 

10 al active sludge 
0.3 al 51 glucose s lutlon 
0.3 al nutrient solution 



5 100X dilution 50 al filtrate 

10 al activs sludge 

0,3 a.1 51 glucose solution 

0.3 al nutrient solution 



The following tiro controls, both containing the seme relative aaounts 
10 of components, vere also used: 

Control 1: 250 al distilled vater 

SO ml active sludge 
1,5 wl St glucose solution 
1,5 al nutrient solution 

15 Control 2; 100 al distilled vater 

20 al active sludge 
0.6 al $1 glucoss solution 
0,6 al nutrient solution 

The nutrient solution was prepared by Bluing e*ual volumes of the 
20 four solutions a, b % c and d Whose coaposltions are given below: 

a. o\50gKH 2 »4 

21.75 $ K 2 HP0 4 \ in 1000 al 

27*72 g HaHK>4» 2K 2 0 
1.70 ( NH4CI 

25 b. 22,50 1 HgSO^ THjO in 1000 al 

. c , S4-20 g CeCl 2 , « 2 0 in 1000 al 

; 4. 0,25 g FeCl 3 , *K 2 0 in 1000 al 

Aspiration (see Exaaple 1, section 1.4) was aonitored for periods of 
10 ain. the aeasureaents were perforaed in duplicate. 
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BMulti: r»eult«or* Aovn in Tahlo 4c. 



t*BlI 4e 







pH 

Adjustment 


Flltrat* 

dilution 


Respiration 
ng 02/**»* n « 


X.F.* 




1) 


HaOH to pH 7*8 


SOX 








Control 




0 


o.a 




10 


1) 

Control 


HaOK to pH 7*8 


1001 
0 


1.73* 
0*46 


«3.61 




* 


HC1 to pH 7.7 


IX 


0,78 


«1,$3 


15 


^ nil trail 




0 


0,4* 








KC1 to pH 7«7 


10X 


o.ee 


wX.38 




Control 




0 


0.48 






2> 


HC1 to pH iJ 


50X 


0.0 


«0 


20 


Control 




0 


0.48 




J) 




IX 


0,52 


•1.0 




Control 




0 


0.52 




25 


Control 


* 


10X 
0 


0.57 
0.4$ 


-1.2 








100X 


0.47 


«lo0 


30 


Control 


* 


0 


0.48 





•inhibition factor (l.F) U oofinod 

am aag aft muti"™ 

15 ** eonplotoly coniunod *fwr J-« -in.. Indicting * 

hlgh«r X.F. ; 

4 

I . 

* 
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For filtrate 1> it can be) 
increased with increasing 



seen that the inhibition factor (I.F.) 

* 

filtrate concentration (positive 



j 




« 

■ 

i 

; 

4 

I 

I 

i 

i 



inhibition). In the case of filtrate 2), the inhibition factor 
decreased with increasing filtrate concentration and inhibition was 
complete vlth the 501 filtrate dilution. Filtrate 3) gave rise to no 
inhibition at any dilution. 

Conclusion : vet oxidation of PAH- containing soil using short holding 
time and a low partial pressure of oxygen leads to a filtrate vhich 
is readily biodegradable.. 

EXAMPLE 5 

futoclave traatmant of cbronlum- polluted soil from a tannery site. 
S.l. Object 

To extract chromium from chromium-polluted soil. 
5-3. The soil material 

Soil samples vera taken <rom the sita of vhat vas previously a 
tannery Where chromium pollution should ba significant. The soil 
material consisted of stiff, chalky clay containing an appreciable 
quantity of small Stones < 

A series of chromium analyses vas carried out on randomly chosen 
lumps of soil from the collected material: 




10 



I 
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1* 1157 ppa 

lb ppm 

2a 935 pp* 

2b HI* PP* 

3 4 1161 ppa 

3b ll* 7 PP» 

44 120? ppa 

4b ll 7 ^ PP» 

54 1189 ppm 

5b H* 4 PP* 



1147 ± 78 ppm. 



fflinl »-w«fc«W '** results 



IS Treatment of chrowiua compounds In basic solution and under oxidising 
conditions leads to the formation of chromate iota. Ct0 4 2 *. The 
etonti ion has a* Intense yellow colour with a slightly greenish 
Ungo at low concentrations (<200 pp») . At higher concentrations the 
colour ia bright lemon-yellow. 

20 As an initial experiment, a moist aoil sample ot 11.1 g, 

corresponding to 10.0 g of dry material, was troatad with 100 ml of 
10X HaOH. IX Ha^. The temperature was nalntainad at 80-WC for 
ea. 2 hours. Thia lad to extraction of 7X of the chromium. 

tha loop-autoclave was than used for extraction experiments. 

25 Table 5a gives tha reaction conditions for these experiment*. In all 
experiments. 100 g of dried, crashed and sieved material in one litre 
of liquid were used. The first experiments employed H 2 0 2 and sodium 
hypochlorite as oxidising agents; subsequent experiments employed 0 2 
fro. a cylinder, since 0* la cheaper. »e 2 C0 3 or HeHC0 3 were preferred 

30 as bases, since they are. cheaper than HaOH. 



3 



10 



IS 
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TABU 5a ' 

I 

Experiment*! Conditions 



Expt. Oxidizing Other 
5 No. agent reagents Tiae/min. Temp./*C 



1 


3.5X H 2 02 


10X KaOH 


20 


200 


2 


3.5X fi 2 C>2+ 


10X N4 2 C0 3 


20 


200* 




0.2X sodium hypochlorite 


10 


200 




0.2X sodium hypochlorite 


10X Ra^GOj 


20 


200 




5.25X HjOj 


10X KagCO; 


30 


200 


S 


10 atsi O2 


10X NagCO; 


30 


200 


6 


5 at* <>2 


2X N* 2 C0 3 


30 


240 


7 


10 atsi 


5X Ka 2 C03 


30 


200 


S 


10 atsi O2 


10X Na 2 C03 


15 


ca. 165** 



* Experiment 2 was carried out in two stages; initially with 3.5X 
B2O2 for 20 aln, at 200*0, followed by cooling, reaoval of a sample 
and addition of sodium hypochlorite solution* The autoclave was then 
20 rohaated to 200 % C and the experiment was terminated after a further 
10 mitt, 

** The experimental temperatura vas 200*0 In all experiments. 
As the result of a thermometer error this temperature was not 
attained in Experiment 4. However, the temperature was estimated to 
25 be approx. ld5*C, This "abortive" experiment is Included here to 

Illustrate the influence of temperature (possibly also the influence 
of treatment time). 

ftanlc*: the rosults are shown in Table 5b. 



I 
I 




V- 



J 

j 



i 

i 



5 



10 
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TABLE 5b i 



Extracted chro&iua (In ppn and X) 



Expt. Filtrate (ppa Cr) ftesidue (ppm Cr) X Cr extr,* 



1 


123 


107 


91 


2 


113 
121 


48 


96 




67 


412 


64 


4 


IIS 


75 


93 


5 * 


104 


279 


76 


6 


138 


403 


65 


7 


86 


415 


64 


8 


48 


805 


30 



* Based on analyst* of the residua 

It can be seen from tha results that of the various experimental 
conditions employed those: of Experiment 2 vera the optima 
conditions* Hovever» 0$ is to be preferred as oxidising agent rather 
20 than Hj02 and hypochlorite. It also appears that N^CO^ 
concentrations of leas than 10X are not advantageous, 

5.3.2 Expert— ntml ttrtfti 5.2 

In this series of experiments an attempt vas made to optimise the 
conditions with respect to liquid/solid ratio, O2 -pressure, and the 
25 use of Ra^CO^ contra NaHCO^, HaHC0 3 vas tried since it dissolves 

silicates to a lesser extent (silicic acid could give problems in the 
vork-up of the chromium- containing solution). 

The experimental conditions are given in Table 5c. 



. .v. . *y 




" • • 1". ■ 

V. ' 



ri". *t:v. ■ *•"»■• j 1 7^ i.- »» :",.•>"■" 
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TABLE 5c 



traction conditions. 
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Expt. 


Li<|uld/»olld 


02/ata 


Carbonate 


1 


5:1 


10 


10X H»2°C>3 


2 


3:1 


s 


10X NaHCOj 


^ 


10:1 


5 


10X Ha2C03 


4 


10:1 


10 


10X NaHC0 3 



The reaction tine and reaction teaperature vara kept constant at 30 
aln. and 240 % C, respectively. 



yaaulta: 


tha results are given 


in Table 5d. 




TABLE 5d 
Extracts* 


I chronica (In ppa and 


*> 




txpt. 


Filtrate (ppa Cr) 
(normalised) 


Residua (ppa Cr) 


X Cr extr.* 


1 




115 


90X 


2 


99 


373 


67X 


3 


100 


219 


BIX 

• 


4' 


114 


257 


7ex 



20 



23 



based on analysis of tha residue. 



It can ba aaan from the results that Na 2 COj dissolved* more chroniua 
than HalKX>3. this suggests that an appreciable amount of chroniua 
incorporated in tha silicate lactica and it first liberated on 
ereataent with a strong iase. 
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It can also be seen that ja pr ssure of 10 atm 0 2 is preferable to 5 
at* O2. whereas the liquid/solid rati has no great significance. The 
conditions in Experiment 1 vera therefore optimum; it night even 
anticipated that a temperature of 200 'C would be sufficient. 

5.3. Work-up of ehromimi-gonfrAinlny * ft 1„M m 

Initial attempts were aade to reduce CrO^* with hydroxylaalne , Fe 
powder, Al powder and Fo$0 4 . respectively. The best reduction was 
obtained with Al povder but since this required a very large excess 
of Al as well as boiling of the solution, the method oust be regarded 
as uneconomical. FeS0 4 gave no detectable reduction. 

Traditional precipitation of Cr0 4 2 * with e.g. Ba 2+ or Pb 2 + could not 
be employed since carbonate in the solution would also be 
precipitated. 

Ion-exchange on an anion exchanger was also attempted but as also 
observed previously* RagCO; concentrations of X>,$X prevent binding 
of CrO^* to the anion exchanger • 

The most promising results were obtained using liquid- liquid 
extraction. Chromium in carbonate -containing solution can be 
extracted using allquat 336, from which chromium can be stripped 
with HH4CI in ammonlacal solution. 

Leach lny a»parti»eftt« 

Since the filtration properties of the suspension were poor when the 
suspension was washed on the filter, washing with the aid of 
sodimentation v *s tried. The degree of leaching vas investigated at 
the same time. 

HftEhftjL. A portion of 133,7 g of wet filter-cake, corresponding to 

g of dry-matter (not washed on the filter) was suspended in ca. 
250 ml of distilled water in a conical flask. The total volune of the 
suspension vas ca. 300 
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V* n.s* and concents ve« pLced in .n .uto^c ie «h*e 

^ of v«« v« ~ siv. . — i ^ * - J" 

•Lrvd «d the chrdun centre of too v«hln g . v.. d.t.«i«d. 



IS 



Eualm tht xaaults ar* showa Ui Tablo 5«. 



20 



taut 5* 



10 Wash 



Vitfedrava »1 
S*di**ntibbillty 

Dilution factor 
Expoctad Cr pp« 
Found Cr poa 
Laachod Cr X 



*FlUor-eak* 



51.5 
0 

» 

10,0 
19* 



300,7 

155 

good 

i.n 

53-9 
33 

97.4 



306.7 
170 
poor 
0.81 
2.12 
15.3 
17 
111 



330.5 
153 
very poor 
0.37 
2.21 
6,9 
7.6 
110 



25 



Sxaapla of calculation: 



fccpectad Cr (wash 1): 



Dilution factor - 



300.7 



- 5.84 




- 33.9 




' 1324449 

I 58 

The sedlmentablllty was bserved to decrease with decreasing ionic 
strength. One would expect to have to use a aininua Na^CO^ 
concentration of 1.5X in order to obtain reasonable sedimentation. 

Nevertheless, all accessible chroalua was leached. The degree of 
leaching was greater than 100X In the last two washing procedures, 
which night Imply that "Insoluble* chroniua present after the 
autoclave treatment Is rendered potentially soluble* 

Corresponding leaching experiments carried out with a. dried residue 
which had been subjected to a standard washing procedure confirm this 
possibility, 

S.S. Shaker Bxperlnanta 

To three flasks each containing 15 g of dried and washed residue (75 
ppa Cr) were added ISO ml of 0.05 H HjSO^, 0.05 N CH3COOH and 

distilled water, respectively, Sanples of 10 ml were withdrawn at 

* 

regular intervals* In order to keep the liquid/solid ratio constant, 
10 al of a 0*75 It solution of the appropriate acid or water was added 
each tine a aaaple was withdrawn* 

The samples were analysed for Cr* 

Result*^ the results are shown in Table 5f ♦ 




TABLE 5f 



ppa Cr (pH) 

5 Days 5^0 CH3COOH H2SO4 



1 


1.1 


(9, XI) 


. 0,5 


(6.31) 


0.6 


(7.10) 




1.4 


(9.97) 


0.6 


(6.20) 


<0.2 


(5.10) 


3 


1.2 


(9.78) 


0.4 


(5.*2) 


<0.2 


(7.10) 


4 


1.2 


(*.*6) 


0.4 


(6.30) 


<0.2 


(4.51) 


7 


1*4 


(9.68) 


0,3 


(7.13) 


<0.2 


(7.48) 


8 


1.0 


(*.**> 


0.4 


(6.06) 


0.2 


(4. S3) 


9 


1.3 


(9.48) 


0.4 


(*.07) 


0.5 


(4.24) 


10 


1.5 


(9.03) 


0.4 


(6.64) 


0.3 


(3.55) 



IS „ , 

It can be snn that the solubility decreased with decreasing pH 
(increasing acid strength) . Cr was aost mobile in HjO; the high pH 
vat due to tha pre* treatment vith 1^003. It appears chat an 
20 equilibration occurs a* long as there la sufficient Cr remaining in 
the residue, since the concentration of Cr remained almost constant 
in spite of dilution, 

A corresponding experiment using starting material (soil) suspended 

in H2O led to no release of Cr whatsoever (within the Halt of detection) 
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1- A method for decomposing or modifying oxidizable polluting substances 

present in polluted material selected from the group consisting of: 
industrial waster water, 

polluted water from other sources, 

sewage, 

sewage sludge, 

other forms of sludge, and 

polluted soil; 



is 



a 



wherein the polluted material in the form of an aqueous suspension 
subjected to wet oxidation in a tolmlar itactw through wK 
coaimious turbulent flow having a Reynolds number of at feast 10,000; 

wherein the wet oxidation is achieved by an oxio^ agent tliat k ad(ted to 
the polluted material in an amount that fa at kast sufficient to decc^ 
oxidizable substances; 

wherein the wet oxidation is performed under coalitions of pressure and 
temperature sufficient to prevent conversion of liquid components to vapour phase; and 

wherein the wet oxidation is performed to such an extent that the 
decotnposed or modified substances remaining after the wet oxidation arc substantially 
biodegradable. . 



2. 



A method for opposing or notifying oxidizable polluting substances 
present in polluted material that is polluted soil: 

wherein the polluted material in the form of an aqueous suspension is 
subjected to wet oxidation in a tubular reactor through which the suspension flows with a 
cwitinuous turbulent flow having a Reynolds number of at least 10,000; 

wherein the wet oxidation is achieved by an oxidizing agent that is added to 
a»i»olhitediiiaterialtott 
oxidizable substances; 



CcO 
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wherein the wet oxidation is performed under conditions of pressure and 
temperature sufficient to prevent conversion of liquid components to vapour phase; and 

wherein the wet oxidation is performed to such an extent that the 
decomposed or modified substances remaining after the wet oxidation are substantially 
biodegradable. 



3. A method for decomposing or modifying oxidizable polluting substances 

present in polluted material selected from the group consisting of: 
industrial waster water, 

polluted water from other sources, 

sewage, 

sewage sludge, 

other forms of sludge, and 

polluted soil; 

wherein the polluted material in the form of an aqueous suspension is 
subjected to wet oxidation in a tubular reactor through which the suspension flows with a 
continuous turbulent How having a Reynolds number of at least 10,000; 

wherein the wet oxidation is achieved by an oxidizing agent that is added to 
the polluted material in an amount that is at least sufficient to decompose or modify the 
oxidizable substances; 

wherein the wet oxidation is perfonned under conditions of pressure and 
temp erature sufficient to prevent conversion of liquid components to vapour phase; and 

wherein die wet oxidation is perfonned to such an extent that the 
decomposed or modified substances remaining after the wet oxidation are substantially 
biodegradable; and 

wherein the fOterability of any solids that may be present after the 
ecomposraoo or modification is unproved. 



4, A method for decomposing or modifying 

present in polluted material that is polluted soil: 



t>.li«lV>;li 



le polluting substances 



B 
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wherein the polluted material in the form of an aqueous suspension is 
subjected to wet oxidation in a tubular reactor through which the suspension flows with a 
continuous turbulent flow having a Reynolds number of at least 10,000; 

wherein the wet oxidation is achieved by an oxidizing agent that is added to 
the polluted material in an amount that is at least sufficient to decompose or modify the 
oxidizable substances; 

wherein the wet oxidation is performed under conditions of pressure and 
temperature sufficient to prevent conversion of liquid components to vapour phase; 

wherein the wet oxidation is performed to such an extent that the 
decomposed or modified substances remaining after the wet oxidation are substantially 
biodegradable; and 

wherein the filterability of any solids that may be present after the 
decomposition or modification is improved. 

5. A method for decomposing or modifying oxidizable polluting substances 

present in polluted material selected from the group consisting of: 
industrial waster water, 

polluted water from other sources, 

sewage, 

sewage sludge, 

other forms of sludge, and 

polluted soil; 

wherein the polluted material in the form of an aqueous suspension is 
subjected to wet oxidation in a tubular reactor through which the suspension flows with a 
continuous turbulent flow having a Reynolds number of at least 10,000; 

wherein the wet oxidation is achieved by an oxidizing agent that is added to 
the polluted material in an amount that is at least sufficient to decompose or modify the 
oxidizable substances; 

wherein the wet oxidation is performed under conditions of pressure and 
temperature sufficient to prevent conversion to vapour phase of components that would 
result in combustible gases; and 

G>2. 
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wherein the wet oxidation is performed to such an extent that the 
decomposed or modified substances remaining after the wet oxidation are substantially 
biodegradable. 



A method for decomposing or modifying oxidizable polluting substances 
it in polluted material that is polluted soil: 

wherein the polluted material in the form of an aqueous suspension is 
subjected to wet oxidation in a tubular reactor through which the suspension flows with a 
continuous turbulent flow having a Reynolds number of at least 10,000; 

wherein the wet oxidation is achieved by an oxidizing agent that is added to 
the polluted material in an amount that is at least sufficient to decompose or modify the 
oxidizable substances; 

wherein the wet oxidation is performed under conditions of pressure and 
temperature sufficient to prevent conversion to vapour phase of components that would 
result in combustible gases; and 

wherein the wet oxidation is performed to such an extent that the 
decomposed or modified substances remaining after the wet oxidation are substantially 
bkxkgiadabk. 



7. A method for decomposing or modifying oxidizable polluting substances 

present in polluted material selected from the group consisting of: 

rial waster water, 



polluted water from other sources, 



sewage sludge, 



Giber forms of sludge, and 
polluted soil; 



an the polluted material in the form of an aqueous suspension is 
subjected to wet oxidation in a tubular reactor through which the suspension flows with a 
is turbulent flow having a Reynolds number of at least 10,000; 



»i nihil i t 
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wherein the wet oxidation is achieved by an oxidizing agent that is added to 
the polluted material in an amount that is at least sufficient to decompose r modify the 
oxidizable substances; 

wherein the wet oxidation is performed under conditions of pressure and 
temperature sufficient to prevent conversion to vapour phase of components that would 
result in combustible gases; 

wherein the wet oxidation is performed to such an extent that the 
decomposed or modified substances remaining after the wet oxidation are substantially 
biodegradable; and 

wherein the filterabiMty of any solids that may be present after the 
decompo si t i on or modification is improved. 

8. A method for decomposing or modifying oxidizable polluting substances 
present in polluted material that is polluted soil: 

wherein the polluted material in die form of an aqueous suspension is 
subjected to wet oxidation in a tubular reactor through which the suspension flows with a 
continuous turbulent flow having a Reynolds number of at least 10,000; 

wherein the wet oxidation is achieved by an oxidizing agent that is added to 
the polluted material in an amount that is at least sufficient to decompose or modify the 
oxidizable substances; 

wherein the wet oxidation is performed under conditions of pressure and 
temperature sufficient to prevent conversion to vapour phase of components that would 
result in combustible gases; 

wherein the wet oxidation is performed to such an extent that the 
decomposed or modified substances remaining after the wet oxidation are substantially 
biodegradable; and 

wherein the filterabilhy of any solids that may be present after the 
decomposition or modification is improved. 

9. A method according to claim 1, 3, 5 or 7, the polluted material being 
industrial waste water. 
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10. A method according to claim 1, 3, 5 or 7, the polluted mat rial being 
sewage sludge. 

11. A method according to claim 1, 2, 3, 4, 5, 6, 7 r 8, wherein the treated 
material after wet oxidation contains solids and is separated into a solid phase and a liquid 
phase. 

12. A method according to claim 1, 2, 3, 4, 5, 6, 7 or 8, the polluted material 
containing heavy metals, the method comprising separating the suspension of treated 
material after wet oxidation into a solid phase and a liquid phase, and removing the heavy 
metals from the separated liquid phase, 

13. A method according to claim 1, 2, 3, 4, 5, 6, .7 or 8, wherein the thus 
treated material is subjected to a biodegradatian process. 

14* A method according to claim 1, 2, 3, 4, 5, 6, 7 or 8, wherein the 

suspension of treated material after wet oxidation is separated into a solid phase and a 
liquid phase, and the resulting separated liquid phase is subjected to a biodegradatkm 
process. 

15, A method according to chum 1, 2, 3, 4, 5, 6, 7 or 8, the polluted material 

containing heavy metals, the method comprising separating the suspension of treated 
material after wet oxidation into a solid phase and a liquid phase, removing the heavy 
metals from the separated liquid phase, and subjecting the resulting liquid phase to a 
biodegradation pr o cess . 



16, A method according to claim 1, 2, 3, 4, 5, 6, 7 or 8, wherein the wet 
oxidation is performed in a substantially horizontally arranged tubular reactor. 

17. A method according to claim 1, 2, 3, 4, 5, 6, 7 or 8, wherein the wet 
ox i da ti on is performed in a substantially horizontally arranged tubular reactor comprisi 
a single continuous tube. 

(eg 
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18. A method according to claim 1, 2, 3, 4, 5, 6, 7 or 8, wherein the wet 
oxidation is performed in a substantially horizontally arranged plug flow tubular reactor 
comprising a single continuous tube. 

19. A method according to claim 1, 2, 3, 4, 5, 6, 7 or 8, wherein the 
concentration of solids in the aqueous suspension is in the range of 10-60% 
(weight/volume). 

20. A method according to claim 1, 2, 3, 4, 5, 6, 7 or 8, wherein the 
concentration of solids in the aqueous suspension is in the range of 40-60% 
(weight/volume). 

21. A method according to claim 1, 2, 3, 4, 5, 6, 7 or 8, wherein the size of 
substantially all of the solid particles in the aqueous suspension is at the most about 2 
nun. 

22. A method according to claim 1, 2, 3, 4, 5, 6, 7 or 8, further comprising 
the step of comminuting the polluted material prior to the wet oxidation so that the size of 
substantially all of the solid particles in the suspension is at the most about 2 mm. 

23. A method according to claim 1, 2, 3, 4, 5, 6, 7 or 8, wherein the oxidizing 
agent is added to the polluted material prior to introduction of the polluted material into 



24. A method according to claim 1, 2, 3, 4, 5, 6, 7 or 8, wherein the oxidizing 
agent is added to the polluted material in the reactor. 

25, A method according to claim 1, 2, 3, 4, 5, 6, 7 or 8, wherein the oxidizing 
agent is added to the polluted material in the reactor at least two positions in the reactor. 



26. A method according to claim 1, 2, 3, 4, 5, 6, 7 or 8, wherein the oxidizing 

agent is added to the polluted material prior to introduction of the polluted material into 
the reactor and to the polluted material in the reactor. 



1324449 

27. A method according to claim 1, 2, 3, 4, 5, 6, 7 or 8, wherein the oxidizing 
agent is selected from the group consisting of: an oxygen-containing gas, hydrogen 
peroxide, a percaibonate, a peroxodisulphate, a permanganate, a peracetate, a 
hypochlorite, chlorine and ozone. 

28. A method according to claim 1, 2, 3, 4, 5, 6> 7 or 8, wherein the oxidizing 
agent is an oxygen-containing gas containing more than 20% of oxygen by volume. 

29. A method according to claim 1, 2, 3, 4, 5, 6, 7 or 8, wherein the oxidizing 
agent is an oxygen-containing gas containing more than 80% of oxygen by volume. 

30. A method according to claim 1, 2, 3» 4, 5, 6, 7 or 8, wherein the oxidizing 
agent is 100% oxygen. 

31. A method according to claim 1, 2, 3, 4, 5, 6, 7 or 8, wherein the oxidizing 
agent is an oxygen-containing gas and is added in an amount corresponding to an oxygen 
amount of at least 100% of that calculated on the basis of the COD value of the polluted 
material to be treated. 

32. A method according to claim 1, 2, 3, 4, 5, 6, 7 or 8, wherein the oxidizing 
ages* is an oxygen-containing gas and is added in an amount corresponding to an oxygen 
amount in the range of about 105-200% of that calculated cm the basis of the COD value 
of the polluted material to be treated. 

33. A method according to churn 1, 2, 3, 4, 5, 6, 7 or 8, wherein the oxidizing 
agent is an oxygen-containing gas and is introduced into the reactor through several inlets 
located at different positions in the reactor, 

34. A method according to claim 1, 2, 3, 4, 5, 6, 7 or 8, wherein the aqueous 
suspension of polluted material in the reactor is first heated in a heating zone of the 
reactor to a temperature which is sufficient for initiating the decomposition or 
modification of orafizable substances in the material, then maintained in a reaction zone 
of the reactor at a temperature at which the decomposition or modification proceeds, for a 
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sufficient time to secure that the decomposed or modified substances remaining after the 
wet oxidation arc substantially biodegradable, and then cooled in a cooling zone of the 
reactor. 

35. A method according to claim 1, 2, 3, 4, 5, 6, 7 or 8, wherein the oxidizing 
agent is an oxygen-containing gas and is introduced into the reactor through several inlets 
located at different positions in the reactor; and 

wherein the aqueous suspension of polluted material in the reactor is first 
heated in a heating zone of the reactor to a temperature which is sufficient for initiating 
the decomposition or modification of oxictizable substances in the material, then 
maintained in a reaction zone of the reactor at a temperature at which the decomposition 
or modification proceeds, for a sufficient time to secure that the decomposed or modified 
substances remaining after the wet oxidation are substantially biodegradable, and then 
cooled in a cooling zone of the reactor, 

36. A method according to claim 1, 2, 3, 4, 5, 6, 7 or 8, wherein a pH- 
regulating agent is added to the polluted material to be subjected to wet oxidation so as to 
adjust its pH to a range of pH 6 to 9. 

37. A method according to claim 1, 2, 3, 4 t 5, 6, 7 or 8, wherein a pH- 
leguktmg agent is added to die polluted material to be subjected to wet oxidation so as to 
adjust its pH to a range of pH 6 to 9, the pH-regulating agent being a base selected from 
the group consisting of: alkali metal hydroxides, carbonates and bicarbonates; alkaline 
earth metal hydroxides, carbonates and bicarbonates; ammonia; and organic bases. 

38. A method according to claims 1, 2, 3, 4, 5, 6, 7 or 8, wherein an 
oxidation catalyst is added to the polluted material to be subjected to wet oxidation. 

39. A method according to claim 1, 2, 3, 4, 5, 6, 7 or 8, wherein the flow of 
the suspension through the reactor has a Reynolds number of at least 30,000. 

40. A method according to claim 1, 2, 3, 4, 5, 6, 7 or 8, wherein the flow of 
the suspension through the reactor has a Reynolds number of at most 100,000. 
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41. A method according to claim 1, 2, 3, 4, 5, 6, 7 or 8, wherein th flow rate 

of the suspension through the reactor is in the range of 1.2-2.2 m/s. 



42. A method according to claim 1, 2, 

time of the polluted material in the reactor under 
60 min. 



3, 4, 5, 6, 7 or 8, wherein the holding 
oxidizing conditions is in the range of 5- 



43. A method according to claim 1, 2, 3, 4, 5, 6, 7 or 8, wherein the holding 
time of the polluted material in the reactor under oxidizing conditions is less than 60 min. 

44. A method according to chum 1, 2, 3, 4, 5, 6, 7 or 8. wherein the wet 
oxidation is performed at a temperature in the range of 150-300°C. 

45. A method according to claim 1, 2, 3, 4, 5, 6, 7 or 8, wherein the wet 
oxidation is performed at a temperature in the range of 200-260°C. 

46. A method according to claim 1, 2, 3, 4, 5, 6, 7 or 8, wherein the wet 
oxidation is performed at a temperature in the range of 220-290°C. 

47. Ainefrodaccanii^ wherein the extent to 
which the wet oxidation proceeds is controllable. 

48. A method according to chum 1, 2, 3, 4, 5, 6, 7 or 8, 



amount corresponding to an oxygen amount of at least 100* of that calculated on the 
basis of the COD value of the polluted material to be treated; 
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into the reactor through 
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substances remaining after th w t oxidation are substantially biodegradable, and then 
cooled in a cooling zone of the reactor. 



49. A method according to claim 34, wherein the heating zone includes a heat 

exchanger system for recovering heat. 



; 50. A method according to claim 35, wherein the heating zone includes a heat 

exchanger system for recovering heat 

£ 

* 

! 51, A method according to claim 48, wherein the heating zone includes a heat 

exchanger system for recovering heat 
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